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| Galdpagos 2 
Islands~ 


The best never rest. That's the philosophy the 
dominant male Galapagos fur seal lives by, 
defending his rule over a territory nonstop for four 
to six weeks until he becomes exhausted or is 
ousted by another male. The female takes charge 
of caring for their young, spending the first week 
of its life with their pup, then returning to it every 
other day after foraging. Slipping into the water in 
the darkness, Tur seals search out small squid and 


Galapagos Fur Seal (Arctocephalus galapagoensis) | 
Size: Head and body length, 1.1 - 1.6 m (43.3 - 63 inches) Weight: 28 - 68 kg (61.7 - 149.9 lbs) 
_ Habitat: Breeds exclusively on the Galapagos archipelago Surviving number: Estimated at 10,000 - 15,000 


- 


Photographed by Michael 5. Nolan 


WILDLIFE AS CANON SEES IT 


fish that migrate to the ocean surface at night. 
Highly dependent on food availability, they are 
vulnerable to devastating mortality rates when food 
sources disappear due to El Nino weather events. 
As we see it, we can help make the world a better 
place. Raising awareness of endangered species 
is just one of the ways we at Canon are taking 
action—tor the good of the planet we call home. 
Visit canon.com/environment to learn more. 


Canon 
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LUCIANG CANDISANI 
This baby yacare caiman is just a bit longer than a pencil. In adulthood the 
South American crocodilian can reach eight feet in length and is a fearsome predator. 
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28 Mars Gets Its Close-Up 102 Genes Are Us 
The rover Curiosity is taking red planet portraits. Humans share a quarter of their genes witha 
By John Grotzinger grain of rice—a sign of our common heritage. 
= 4 i tJ ) “ | : : : 
42 It All Began in Chaos 104 Daniel Kish: Bat Man 


Blind since 13 months, he explores the world— 
and even rides a bike—by clicking his tongue. 
By Michael Finkel Photograph by Marco Grob 


The giant planets didn't always sit where 
they are today. Our solar system was shaped 
by a wild and stormy youth. 

By Robert Irion Photographs by Mark Thiessen 


Art by Dana Berry 106 Hay Beautiful 
A walk through the grass-growing meadows of 
60 Last Song for Migrating Birds Transylvania will cheer your spirits. The old art 
Across the Mediterranean millions are killed of making hay is the reason. 
for food, profit, and cruel amusement. By Adam Nicolson Photographs by Rena Effendi 


By Jonathan Franzen Photographs by David Guttenfelder 


i126 The Comeback Croc 


90 Our Missing Ancestor Thirty years ago the yacare caiman seemed 
Meet a mysterious member of the human family. doomed to a leathery death. What happened? 


By Jamie Shreeve Photographs by Robert Clark By Roff Smith Photographs by Luciano Candisani 
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Dr. Porcupine | 


Needles are being redesigned to — 
resemble a porcupine’s quill. 


Firsts and Lasts > 

Our quiz tests your knowledge 
of exploration milestones. 
Burl Snatchers 


A burl is alumpy growth ona 
tree trunk. Thieves crave them. 


Peruvian Priestess 
Archaeological finds attest 
to the power of women. 


Stormy Forecast 
Has climate change affected 
the intensity of hurricanes? 


The Final Rabbs’ Frog > 
Toughie, a fringe-limbed tree 
frog, is the last of his kind. 
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On the Cover This illustration shows how the moon was likely born. 
A Mars-size protoplanet crashed into Earth billions of years ago. Rocky 
debris spun into space and formed our satellite within a century. 
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available on the iPad, the 
Kindle Fire, and the iPnone 





Mars Rovers 
Interactive Graphic 
Get to know the vehicles 
that explore the red planet. 





Songbird Awakening 
Video 
The photographer tells 
how the story affected him. 





Transylvania Farmers 
Video 

See their beautiful land, 

their old-fashioned life. 
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EDITOR'S NOTE 


ray . 
A Flying Shame 
The European bee-eater is nature at her gaudy 
best. It’s a tiny bird, with a scimitar beak and 
feathers the colors of a crazy quilt: saffron throat, 
turquoise breast, chestnut crown. | first really 
spent time watching bee-eaters while on a boat 
on the Zambezi River. The birds had dug nests 
into the sandy banks along the river. They were 
darting around, chasing dragonflies to feed their 
chicks, iridescent in the sunlight. 

Most bee-eaters run a gantlet to get to Africa, 
having flown—as they do every year—from south- 
ern Europe, across the Mediterranean, over the 
sahara, and finally to southern Africa. Many don't 
survive the trip. The stress of migration claims 
some, raptors get others. But there is another 
predator: man. 

“Last Song,” this month’s story reported by 


There is 
another 
predator: 
man. 


An adult European 
bee-eater (Merops 
apiaster) soars over 
Lesbos, Greece. 


Jonathan Franzen and photographed by David 
Guttenfelder, is about human carelessness and 

a lack of regard for these beautiful creatures. Each 
year, from one end of the Mediterranean to the 
other, hundreds of millions of migratory birds such 
as the bee-eater are killed by hunters. They use 
guns, nets made of ultrafine nylon, and sap-coated 
traps. Killing these birds has nothing to do with 
feeding a population. It is callous and indiscrimi- 
nate slaughter. The orioles, warblers, and shrikes 
Franzen writes about—like the mockingbird in 
Harper Lee’s novel—“don't eat up people's gardens, 
don’t nest in corncribs, they don’t do one thing but 
sing their hearts out for us.” 
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When cancer strikes, 
we strike back. 


At MD Anderson Cancer Center, we are focused on Making Cancer History? Scan to learn 


more about 
As the nation’s top-ranked cancer center, MD Anderson continues to pioneer ; ey our latest 


breakthroughs. 
new approaches in cancer treatment. Using the latest genetics-based research, 


we can develop targeted treatments, personalized to the individual patient. 


THE UNIVERSITY OF TEXAS 


MD Anderson 
fareer Center 


Ranked among the top two cancer centers in the nation for 23 years by U.S.News and World Report. Making Cancer History” 


To learn more about how were raising the bar for cancer care worldwide, or to 


make an appointment, call 1-877-695-0835 or visit MakingCancerHistory.com. 





LETTERS 


* 
New Oil Landscape 
When Edwin Drake made his first well in 1859, he could be 
forgiven the waste of his first gusher. He didn’t know what 


was going to happen. The second well taught us that this 


<r ee ee ee eee ee eee 


industry should have been prepared to catch this early 


petroleum spurt so it wouldn't be wasted. Here we are 150 


years later still performing the same stupidity on an almost 


ceremonial level. Idiots stand around getting drenched 


with oil in puddles of polluting petroleum. Arguably, a home 


could be heated for years with the waste. 


Do they truly believe they can 
play roulette with nature and 
win? Fatten the coffers now, 
because they will be needed 
to pay for the cleanup. 


ELISABETH SMITH 
Omaha, Nebraska 


Edwin Dobb's article, as well as 
Chris Johns’s editorial about the 
Bakken oil play in North Dakota, 
reflects the dichotomy we face 
in western North Dakota: pros- 
perity at a dear price. When any 
change comes to a region, there 


FEEDBACK Readers responded to 


the idea that drones could watch them. 


ROBERT W. POLLACK 
Valhalla, New York 


are always fear and skepti- 

cism. We ponder whether the 
environment can sustain the 
physical disruption of the land, 
while we watch our small towns’ 
infrastructures collapse under 
the weight of more and more 
people. It really is the best, and 
worst, of times for North Dakota. 


JACKIE HOPE 
Dickinson, North Dakota 


The article was thrilling. We have 
the resources, technology, and 
drive to continue to be the 
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world’s leader. If there are side 
effects from all of this, we will 
overcome them and thrive again. 


DAN SHAUGHNESSY 
Rockledge, Florida 


| expected a negative portrayal 
of the oil industry and wasn't 
surprised. By my count you 
had 18 photos, graphics, and 
captions: 10 negative, 6 neutral, 
2 positive. Your subtitle, “The 
Promise and Risk of Fracking,” 
is at odds with the bias within. 


JOHN RHODES 
Dallas, Texas 


Corrections 

MARCH 2013, EXPLORERS Quiz The correct 
medical symbol should have been the 
staff of Asclepius, which has one snake 
(or guinea worm) wrapped around a rod; 
we showed the caduceus, which has two 
intertwined snakes. 


THE NEW OIL LANDSCAPE Page 44: A well 
south of Williston was described as 
having 25 legs, each of which was 
fracked separately. We should have 
stated that it has 25 stages. 


RETURN TO RIVER TOWN Page 90: Chen 
Zhenyong should have been spelled 
Chen Zhengyong. Chen Hongli should 
have been spelled Chen Hongni. 


THE DRONES COME HOME Page 134: The 
inset photo should have been credited 
to Julie A. Adams and Steven A.Wernke, 
Vanderbilt University. 


EMAIL ngsforum@ngm.com TWITTER @NatGeoMag WRITE National Geographic Magazine, PO Box 98199, 
Washington, DC 20090-8199. Include name, address, and daytime telephone. Letters may be edited for clarity and length. 
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At the heart of the image... 


FINALLY, THERE'S A 
FULL-FRAME NIKON FOR YOUR 
FULL-TIME PASSION. 


THE NIKON D600: A FULL-FRAME CAMERA 


WITHIN THE REACH OF SERIOUS ENTHUSIASTS. 
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Full HD 1080p video recording 
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LETTERS 


Your story could have been an 
episode of The Twilight Zone: A 
culture, in an attempt to sustain 
its unsustainable lifestyle, 
destroys its own landscape in 
order to find every last drop of 
the poisonous fuel source. 


PAUL WHEELER 
Ottawa, Illinois 


Oil company executives and 
their attorneys understand 
this about many hardworking, 
no-nonsense American workers: 
On one hand we'll condemn 

a man for squandering his 
paycheck on a night of whiskey 
and gambling. On the other 
we'll jump at the chance to get 
in on a fly-by-night, get-rich- 
quick binge like fracking that 
will generate a short-term 
money boom out of long-term 
toxification of local soil and 
aquifers. Most won't notice 
the similarity, and those who 
do won't find It difficult to 


The idea that some 


kid can now play video 
games in my airspace 
is a very scary thought. 


rationalize. To someone like 
Susan Connell, making $2,000 
instead of $600 by the end of 
the week can only look like 

a good thing. In the face of 
that kind of temptation, one’s 
concern for the future health 
of the land and community is 
understandably distorted or 
obscured. The oil industry, as 
ever, is counting on it. 


CARL KISTLER 
Glenside, Pennsylvania 


Drones 
| believe that in the wrong hands 
or even the right hands—and 
one doesn't have to go far to 
find either—the use of drones 
can become another tool to 
be used against the enemy, 
perceived or otherwise. Maybe 
soon everyone will be able to 
spy on each other—and ulti- 
mately hurt others—if civilians, 
police, and anyone with the 
ready cash can have them. So 
much for peace. Reminds me of 
Mad magazine's “Spy vs. Spy.” 
DONNA MARQUART 
Ripon, Wisconsin 


Drones are just another reason 
for people around the world 
to despise Americans. We are 
the “wizard,” and when you 
look behind the curtain, there 
is a 120-pound, zit-faced boy 
playing video games with 
people’s lives. The idea that 
some kid can now play video 
games in my airspace 
is a very scary thought. 


KYLE EDWARD SIMMS 
Tokyo, Japan 


| can fully understand 
the military having 
these drones, but 18,000 
police forces? | know 
they say that they will be used 
for rescues and crime scene 
reconstruction, but we all know 
what is really coming. This will be 
an infringement on your Fourth 
Amendment rights, and now it is 
easier to understand why your 
forefathers put in the Second 
Amendment. | think these things 
will be dropping from the skies 
like ducks in a duck hunt. 


BOB HEARD 
Port Colborne, Ontario 


Have none of the leaders in 
our government, military, or 
scientific community who are 
pushing development and 
deployment of these devices 
read or watched any of the 
cautionary tales about humans 
farming out the dirty work of 
war and killing to machines? 
Colossus: The Forbin Project 
and The Terminator are just 
two that come to mind. 


FRANK POMATA 
Patchogue, New York 


Night Gardens 
In all fairness to Louis XIV, 
Nicolas Fouquet was Louis's 
finance minister who embezzled 
a fortune from the French gov- 
ernment, built an extravagant 
palace for himself, and threw 
an elaborate party to impress 
the king and nobility. The king 
was correct to confiscate the 
property and imprison him. 
GARY MILLER 
Davenport, Florida 


SURVIVAL GUIDE 

Sarah Parcak 

| know how Sarah Parcak must 
have felt when she was stung 
by a scorpion. It happened to 
me in Belize. While sleeping, | 
felt like I'd been stabbed with 
an ice pick. My fingers, tongue, 
and mouth began to tingle. My 
heart was racing as | lay in bed. 
| remembered a doctor once 
told me if your condition does 
not get worse, it usually is not 
serious. The next day our guide 
said | had been stung by a 
nonlethal scorpion, and | would 
be back to normal in about 14 
hours—which | was. 


BILL RUZGIS 
Long Beach, California 
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Effective 

flea and tick 
protection 
for 8 months. 





ONE EASY APPLICATION 


Vv Offers the performance you expect from 
a topical in an easy-to-use, non-greasy collar 


v Innovative delivery system provides 
continuous protection for dogs or cats 


¥ Veterinarian recommended 





serestc’ 





©2013 Bayer HealthCare LLC, Animal Health Division, Shawnee Mission, Kansas 66201 
Bayer (req), the Bayer Cross (reg'd) and Seresto™ are trademarks of Bayer. 


$13892 Learn more at seresto.com 


SURVIVAL GUIDE 


Christine Lee 
National Geographic 
Emerging Explorer 
Ls | 
EXPERTISE 
Bioarchaeologist 


LOCATION 
Mongolia 





|. 

Grave Sights My team drove four 
days west from Ulaanbaatar toward the west- 
ern border, near Kazakhstan, to work at an 
ancient burial site—almost a thousand miles 
through Mongolia’s central steppes, the Gobi, 
and the Altay Mountains. When we stopped in 
a village to ask for directions, we were told the 
site was cursed. It was a cemetery for royals 
from the Xiongnu Empire. The Great Wall of 
China had been built to keep the Xiongnu out. 

As we drove up to the site, we had a feel- 
ing something was wrong. It was eerily quiet. 
Usually after a day of excavation, everyone Is 
sitting around a bonfire socializing. Not here. 
The site was in the middle of the desert, yet it 
was swarming with mosquitoes. Some of the 
local team had been bitten so many times their 
skin was infected from scratching. 

Another team had excavated the site dec- 
ades before and had left huge craters behind. 
Over the years people have been injured and 
livestock and wildlife killed by falling into them. 
As | stood on the edge of one of these deep 
pits, | felt anxious, like someone was watching 
us. It was as if the place were angry we were 
there. | told the dig team we could study the 
skeletons when they brought them to the 
museum in Ulaanbaatar. Then we left. 

Most people are uncomfortable being 
surrounded by the dead. My father, a scien- 
tist, has expressed concern that ghosts from 
excavated skeletons may follow me around. 
My response to him is that | am not disturbing 
these skeletons but remembering the ones 
who have long been forgotten. Besides, | told 
him, if | ever felt the skeletons did not want 
me there, | would leave. This one time | did. 
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FACTORY DIRECT TO YOU! 
How does Harbor Freight Tools sell high 
quality tools at such ridiculously low prices? 
We buy direct from the factories who also 
supply other major brands and sell direct 
to you. It's just that simple! Come see 
for yourself at one of our 400+ Stores 
Nationwide and use this 25% Off Coupon 
on one of our 7,000 products* , plus pick up 
a Free 1" x 25 Ft. Tape Measure, a $5.99 
value. We stock Shop Equipment, Hand 
Tools, Tarps, Compressors, Air & Power 
Tools, Woodworking Tools, Welders, Tool 
Boxes, Generators, and much more. 

Over 20 Million Satisfied Customers! 

1 Year Competitor's Low Price Guarantee 


No Hassle Return Policy! 
100% Satisfaction Guaranteed! 
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NATURE VALLEY AND THE NATIONAL PARKS CONSERVATION N ASSOCIATION i: 
"ARE CELEBRATING THE FOURTH CONSECUTIVE YEAR sae 
OF PRESERVING. AMERICA'S NATIONAL PARKS. mile 


= FORTHE DIGITAL NOMAD’S 
E NATIONAL PARKS JOURNEY 


ANDREW EVANS, National Geographic 
Traveler’s Digital Nomad, will blog and 
tweet from the winning park. 

“This October, I’m hitting the road 
to uncover the natural beauty of 
our National Parks—and you get 
to choose where | go!”’ 


oT 


> ACADIA PEVERGLADES 
> GRAND TETON >VOYAGEURS 


THE PRESERVE THE PARKS SWEEPSTAKES 
Presented by Nature Valley 


ENTER FOR A CHANCE FOR YOU AND A GUEST 
TO WIN A TRIP OF A LIFETIME TO YELLOWSTONE 
AND GRAND TETON NATIONAL PARKS 


Entry period from 6/10/13 to 9/28/13. 


HAS f ESS ARY, A TPR AAsE WILL NOT INCREASE YOUR CHANCES OF WINNING, LEGAL RESIDENTS OF <4 30 UNITED STATES (D.C.) 21 YEARS AND OLDER. 
Wk EP DHIBITED. Sweepstakes ends 9/28/13. For Official Rules, prize descriptions and odds disclosure, visit nationalgeographic.com/preservetheparks. 
P Sponsor: National Geographic Society, 1145 17th Street W.W., Washington, D.C., 20036. 
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VIS NN ic YOUR SHOT This section features photographs chosen by our editors and one chosen by our readers 
S| a 
via online voting. For more information, go to yourshot.nationalgeographic.com. 








U INS 


We've reimagined Your Shot, 
our online photo community. 
Check out more readers’ 
pictures, get assignments, 
and find feedback from 
National Geographic photo 
editors at yourshot.national 
geographic.com. 


EDITORS’ CHOICE 


Kyle Veckermann 
Qulu, Finland 


Layers of ice had grown on 
windows in Molkokongas, where 
Ueckermann and his wife, Tiialotta, 
stopped during a midwinter road 
trip. While exploring an abandoned 
cabin, he saw her image through 

a window, distorted by the ice. 


READERS’ CHOICE 


Ance 
Yogyakarta, Indonesia 


To build the scene for this photo, 
Ance created a small puddle of 
water, then placed an ant atop 

a pile of moss that he had found 
in his yard. As the ant started 
moving, Ance, a macrophotogra- 
pher, captured the moment right 
before it jumped from the moss. 
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The 2013 RAV4 with available Blind Spot Monitor* 


Wish Granted. 


Prototype shown with options. “Do not rely exclusively on the Blind Spot Monitor. Always look over your shoulder and use your turn signal. There are several limitations to 
the function, detection, range and clarity of the monitor. For a complete list of limitations and directions regarding use of the monitor, please see the Owner's Manual. 
©2013 Toyota Motor Sales, U.S.A, Inc. 
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CRUSHPROOF, SHOCKPROOF, FREEZEPROOF 
AND WATERPROOF. 


ALL SO YOU CAN BRING BACK ACTUAL PROOF. 





Shots taken with the Olympus Tough. 


OLYMPUS 


Capluve your stories 





Demand more than durability with the Olympus Tough TG-2 iHS. It's not enough to have a camera as 
durable as your lifestyle. Now you can capture your adventures with a clarity you once thought unthinkable. 
The TG-2 iHS is one of the only rugged cameras on the market to include an ultra-bright, high-speed f2.0 
lens, allowing you to capture dramatic low light and high-speed action shots. Paired with a 12 Megapixel 
Backlit CMOS Sensor, 1080p Full HD Video and High-Speed Sequential Shooting, you can now bring back 


stunning proof of your life's adventures. getolympus.com/tough 


Heo 


2.0 Tough 


Stylus Tough TG-2 iHS 
Waterproof 50ft 

shockproof /Tt 

Crushproof 220\lbf 

Freezeproof 14°F 

Expand your TG-2 IHS system with 
the F-GON Fisheye Converter lens 
or the T-CON Teleconverter lens. 





TG-2 
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Tatyana Druz Hadera, Israel 


At a cat exhibition near her hometown, Druz took 
portraits of many of the animals. One sphynx—a 
breed with very little hair—was more curious than 
others that day, coming so close that it almost 
touched Druz's lens. 








Tim Grams Anchorage, Alaska 


With some spare sheets of clear plastic he had 
around the house, Grams built a four-foot-tall 
frame to photograph redpolls that spend the 
winter in Alaska. He sprinkled sunflower seeds to 
attract the birds, then set a remote release on his 
upward-pointing camera and went inside. 
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Hamed Tizrooyan Sari, Iran 

On a tour of Iran's Touran National Park, Tizrooyan was looking specifically to photograph an 
onager, a relative of the horse. After several hours hé came across a pack of them. Standing 
about 250 feet away, Tizrooyan snapped his shutter the moment they made eye contact. 


Geb Bunado 
Limay, Philippines 


At the Philippines’ 
Sinulog festival, which 
honors Jesus as a child, 
women participated in 
a street dance competi- 
tion. Drawn to the 
colorful skirts, Bunado 
positioned his camera 
at waist level, hoping to 
capture the motion as 
the women danced. 
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Jun Su Brooklyn, New York 


Wanting to show visiting friends the character of New York, Su took them to Battery Park, where 
Unabashed squirrels interact with people for food. With a container of almonds, this young 
woman kept a squirrel on her head for ten minutes, Su says, while a small crowd took photos. 


Hsingwei Lee 
Vienna, Virginia 


When Lee's daughter let 
the family’s two parakeets 
out of their cage, they 
both flew quickly toa 
nearby mirror. “You could 
see their amazement at 
what they were seeing,” 
Lee says. Seconds after 
he snapped this shot, 

the birds flew to another 
part of the house. 





| | “IF WE ARE NOT CURIOUS 
ABOUT ALL LIVING THINGS ON 
OUR PLANET, WE ARE BOUND 


TO LOSE THEM... 

Iiit-1 re folelemr-lele) el mna\vml-ser- [ea 

davon iiialemaarsi@nh (clare) ari mer-1ele lar] e)al re 
will leverage my gift so it can have 


the greatest impact.” 


— Grace Cleere 
Included National Geographic 
in her estate plans, 





oes 
rig 


Leave a legacy by including 
National Geographic in your will. 


Please remember the National Geographic Society with a generous bequest in your will or 
trust. One hundred percent of your gift, no matter what size, will support the important con- 
servation, research, exploration and education programs of the Society for years to come. 


To learn more, contact the National Geographic Office of Estate Planning: 


Tel: 1-800-226-4438 | Email: plannedgiftinfo@ngs.org | Web: www.nationalgeographic.org/donate 


CELEBRATING 


125 NATIONAL 
qh. > ANEW AGE OF EXPLORATION GEOGRAPHIC 


YEARS 





_ Yes! Please send me information on how Name 
to include National Geographic in my will. Address 


| have already included National 
oe Phone 
Geographic in my will. 

Email _ 


Please send me information on a National Mailto: National Geographic Society 
Geographic charitable gift annuity. Office of Estate Planning 
1145 17th Street, N.W. 
Washington, D.C. 20036-4688 


The National Geographic Society is a 501(c)(3] tax-exempt organization. 


13PGFCO/B 


Quill Power North American porcupine quills are 


clingy types—once one Is lodged in flesh, it takes twice the force of 
insertion to pull it out, because of a series of barbs along its tip. This 
discovery led a team of medical researchers to a pointed conversa- 
tion: Why not replicate a quill’s barbs to make drug-delivery and 
internal patches hold fast, even when wet? 

Hypodermic needle architecture could also benefit. The less push 
needed to pierce flesh, the less chance of overshooting. Barbed quills 
take about half the pressure a needle does to insert, which may make 
synthetic versions better for procedures like spinal taps. To avoid 
tearing tissue on removal, Harvard's Jeffrey Karp and MIT’s Robert 
Langer are testing timed degradability, so barbs lose grip. In some 
cases, a difficult-to-remove needle might be useful too, including for 
immunizing cattle and performing battlefield medicine. —Johnna Rizzo 


QUILL 


PHOTO: REBECCA HALE, NGM STAFF, GRAPHIC: MESA SCHUMACHER. SOURCES: BRIGHAM AND WOMEN'S HOSPITAL; MIT 
QUILLS ARE SHOWN AT NEARLY SIX TIMES NORMAL SIZE. 
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NEXT | EXPLORERS QUIZ | This quiz is the fourth of seven to run in 2013 


to celebrate National Geographic's 125th 
anniversary, [he next will appear in september. 


FIRSTS AND LASTS 


Everybody remembers who was first to walk 

on the moon (Neil Armstrong), not so many who 
was last (Eugene Cernan). That's how it goes in 
the history of exploration. But last things also 
have their fascination, and they often entail just 
as much courage and sacrifice. This quiz looks 
at both sides of the equation, some famous—and 
not so famous—firsts and lasts. 





“GLARK ROSS. COMMANDED 

ONE OF The LAST GREAT VOYAGES OF 
EXPLORATION MADE ENTIRELY UNDER 
SAIL. WHERE DID HE GO? A. The Sibe- 
rian Shelf B. The Ryukyu Trench C. The 
coast of Antarctica 0 Komodo Island 


2. WHAT MID-20TH-GENTURY 
EVENT WAS THE FIRST STEP IN A MA- 
JOR NEW FIELD OF EXPLORATION AND 


| ALSO GAVE US A NEW TERM FOR 


The HIPSTERS 


OF THE DAY? A. The flight of PS-1 
B. The first dive into the Mariana 
Trench C. Thor Heyerdaht's Pacific voy- 
age on the balsa raft Kon-liki D. The 
discovery of the lost city of Ubar in Oman 


CAL RODGERS’S 


» EXPEDITIONARY 


FORCE INCLUDED HIS WIFE, HIS MOTHER, 
A MAID, A CHAUFFEUR, THREE MECHAN- 
IGS, AND A DOZEN MARKETING MEN, | 
WHAT CHALLENGE DID ROD- | 
GERS SET OUT TO CONQUER? 
A. First automobile crossing of 
the Sahara B. First bicycle trip the 
length of South America C. First flight 
across the United States U. First 
transatlantic swim 


4.1 AM JUST GOING 
‘OUTSIDE AND MAY BE SOME TIME.” i 





THOSE INNOGUOUS-SEEMING LAST WORDS SAID TO ALONG WITH OTHER BRITISH NOTABLES. 


HAVE BEEN UTTERED BY AN EXPLORER HAVE LIVED ON » DAVID LIVINGSTON E, 


AND BEEN EGHOED IN A FRANK CAPRA MOVIE, A TOM : 
STOPPARD PLAY AND THEFICTION OFTERRY PRATCHETT, VE GREAT 19TH-CENTURY EXPLORER, MISSIONARY, AND | 3 


ANTISLAVERY ACTIVIST IN AFRIGA, WAS HONORED WITH A 
WHL (} SPO KE TH E MI ? A. Mungo FINAL RESTING PLACE IN LONDON'S WESTMINSTER ABBEY. 
Park, before his drowning in Nigeria B. Lawrence Oates, BUT WHERE IS HIS HEART? A. Buried in his = 
stepping from his tent into an Antarctic blizzard C.Percy beloved Blantyre, Scotland B. Cut out and burned by his | = 


Fawcett, heading into the Brazilian rain forest D.Juan enemies C. In present-day Zambia D. Preserved inthe col- | © 
Ponce de Leon, before being struck by an arrow in Florida ~—_ lection of the Royal College of Surgeons 





HANNAH TAK, NGM STAFF. ART: GRAFILU (PORTRAIT); SHIZUKA AOKI. PHOTO: DIRIGIBLE © COLUMBIA PICTURES 





GOV’T ISSUED GOLD COINS 


EXCLUSIVE AT-COST OFFER 








NATIONWIDE COIN AND BULLION RESERVE 
announces the final release of 2,500 congressionally 
authorized, fully backed by the U.S. Government, 
completely free of dealer mark up, $5 Gold American 
Eagles at the incredible price of only $159.00 each. 





OF you had $25,000 in gold in 
2001 at $290 per oz you would have FINAL RELEASE 
over $100,000 at today’s gold prices. 

Numerous experts are now predicting 
gold at $5,000 an ounce. Your $25,000 
could be worth $125,000 in the near 
future. This at-cost offer for American 
citizens may be your final opportunity 
to own government gold free of dealer 
mark up. Due to extremely limited 
supplies we must adhere to a strict 
limit of ten coins per household. 


Nationwide Coin & Bullion Reserve 
has set these beautiful U.S. 
Government gold coins for immediate 
public release and cannot guarantee 
sufficient inventory to supply current 
demand. This at-cost public offer will 
sell out immediately. Overage orders 
may be cancelled and your checks 
returned uncashed. Ordering now 
may be your last chance to own these 
magnificent government issued gold 
coins at this level. Order now to avoid 
disappointment. 





SPECIAL ARRANGEMENTS NOW AVAILABLE FOR ORDERS OVER $25,000 


NATIONWIDE A 877.817 “anear 


COIN & BULLI ON RESERVE 
MINIMUM ORDER 5 COINS 


KEY CODE: NGM-130605 


Prices subject to change due to fluctuations in gold market. Prices will remain at dealer cost. Coins enlarged to show detail. 
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“GIFTS OF REAL ESTATE: 
Give a Home. Give Hope. 


FOR YEARS, NATIONAL GEQGRAPHIC has enriched your life at home. 
Now, for the first time, your home can enrich National Geographic—and 
the world. Your donation of real estate [a home, second home, or other 
property] benefits the planet by supporting research and exploration. The 
same donation benefits you by providing a substantial tax break. Contact 
National Geographic to learn how your home can make all the difference 
in the world. 


For more information, please call 

The Office of Estate Planning at National Geographic 
Tel: (800) 226-4438 | Email: plannedgiftinfo@ngs.org 
National Geographic is a 501(c}(3] tax-exempt organization. 


www.nationalgeographic.org/donate 13PGFAO7F 





CELEBRATING 


< 125 )» ANEW AGE OF EXPLORATION 


YEARS 


PHOTO; RAMESH RATWATTE COPYRIGHT © 2013 NATIONAL GEQGRAPHIC SOCIETY 









appra ised 
value* 


ALONeOr | Hybrid Watches 
kkkk k 


“Great watch... an 
impressive piece 
straight out 
of the box.” 
— C. FROM 
COLORADO 


B49 


Colossus 
Wa tch With 
FREE 

Sunglasses! 





No More Mr. Nice Watch 


Forget sleek and subtle, the Stauer Colossus Hybrid is one tough timepiece.. 


Ne underestimate your competition. Just ask 
N Demetrius, the unfortunate Greek general who set out 
to conquer Rhodes in 305 BC. He assumed that a massive 
force of 40,000 men, a fleet of Aegean pirates and an arsenal 
of wall-smashing war machines would be enough to crush 
the tiny Greek island. He was wrong. The Rhodians were 
tougher than he thought. And so is this watch. If you've 
always believed that the biggest, baddest watches had to 
cost big, bad money, the $49 Stauer Colossus Hybrid 
Chronograph is here to change your mind. 


A monument to toughness. The people of Rhodes 
were ready for Demetrius and repelled his attack. To cele- 
brate, they built the Colossus of Rhodes, a 107-foot bronze 
and iron giant that towered over the harbor like a ten- 
story trophy. It warned future invaders that “Rhodes is 
tougher than you think.” You give the same message 
when you wear the Stauer Colossus. 

The timepiece that works twice as hard. The Colos- 
sus Hybrid Chronograph will keep you on schedule, but it’s 
about much more than time. The imposing case features a 
rotating gunmetal bezel that frames the silver, black and yel- 
low face. You'll find a battalion of digital displays on the dial 
arranged behind a pair of luminescent hands and a bold yel- 
low second hand. Powered by a precise quartz movement, 
the watch is doubly accurate in analog and digital mode. 
The Colossus is packed with plenty of handy extras includ- 
ing a bright green EL back-light for enhanced nighttime vis- 
ibility, a tachymeter along the outer dial and a full 
complement of alarms and split-second countdown timers. 
It secures with a folded steel bracelet that highlights a row 
of striking dark center links. It’s a rugged watch that’s more 
than ready for your daily grind. 





.now for less than $50! 


More watch for less money. Big-name watchmakers 
raise their prices because they can get away with it. But 
Stauer wants to turn luxury on its head. We sent the Colos- 
sus Hybrid to an independent appraiser who works with 
auction houses, luxury estate sales and insurance companies. 
He valued the watch at $199.* We thanked him for his pro- 
fessional opinion and then ignored it. Because we still want 
you to wear it for ONLY $49. 
Your satisfaction is guaranteed. Wear the Stauer 
Colossus Hybrid Chronograph for 30 days and if you are 
not 100% thrilled with your purchase, return it for a full 
refund of your purchase price. But once you get a taste of 
more watch for less money, it’s likely you'll be back for 
more... and we'll be waiting. 

ATCH SPECS; -Easy-to-read analog/digital modes -Back-lighting and 
luminescent hands - Tachymeter, countdown timers and alarms 
-Folded stainless steel bracelet fits a 6 3/4"—9" wrist 


Colossus Hybrid Digital/Analog Watch 


Appraised at $199* — $79- 


Now your price only $49 +sap 
PLUS receive our Stauer Flyboy Optics™ 


Sunglasses FREE— a $99 value! 
Call now to take advantage of this fantastic offer. 


1-888-277- 8380 - 





Polarized with 
UV protection 


ACCREDITED | 


BUSINESS 





Rating of A+ 


St Aller® 14101 Southcross Drive W., Dept. CHW625-06 
Burnsville, Minnesota 55337 WWw.stauer.com 

* For more information concerning the appraisal, 

visit bttp://uwiww.stauer.com/appraisedvalues. 


Smart Luxurtes—Surprising Prices 

















Hair on the scalp grows an average of about six inches a year. 





A Knock on Wood Boston, Massachusetts, Selling burls can be big 


had a knotty problem in 2012: Public-park tree burls were being sawed business when done legally 
off and carted away. Injury or illness causes the lumpy, oversize scars (as above); they fetch $75 to 


on tree trunks. Inside, intricately swirled grain is created as the tree 
heals, making them highly valuable for woodworking. 


$300 a pound from furniture 
designers and wood artists. 


Hacking off burls doesn’t immediately kill a tree but does shorten its 
life. “Trees don't heal like you and | heal. They callus over the wound but 
continue to rot inside,” says Boston arborist Greg Mosman. A census 
of city trees estimated $100,000 in damage. In California—where the 
market for burls is thriving—trimming burls from public redwoad trees 
is a criminal offense. Boston didn't have a precedent, so police listed 
the arborist as the victim of destruction of property, and he went to 
court to recoup the losses to replant. —Johnna Rizzo 
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Status Symbol Power wasn’t limited to men in the Lambayeque culture (A.D. 850 
to 1250). The lavish burial site of a priestess found in northwestern Peru offers new insight 
into that culture’s gender roles. Buried beneath a palace’s ceremonial plaza at Chornancap, 
near the coast, the woman clearly had wealth and influence—her grave goods included this 
golden scepter (left). She likely performed rituals, received offerings, and celebrated the 
seasons, the phases of the moon, and the changing tides. —A. R. Williams 


PHOTOS: TYRONE TURNER (TOP); CARLOS WESTER LA TORRE, WITH PERMISSION OF THE 
PERU MINISTRY OF CULTURE GRAPHIC: ALVARO VALING. SOURCE: MARK SUPIK 


Meet the Beauty i, 
in the Beast 


Discover this spectacular 6'2-carat green treasure 
from Mount St. Helens! 


or almost a hundred years it lay dormant. Silently building strength. At 
10,000 feet high, it was truly a sleeping giant. Until May 18, 1980, when 
the beast awoke with violent force and revealed its greatest secret. Mount St. 
Helens erupted, sending up a 80,000-foot column of ash and smoke. From 
that chaos, something beautiful emerged... our spectacular Helenite Necklace. 

























| Helenite is produced from the heated volcanic rock 
EXCLUSIVE of Mount St. Helens and the brilliant green creation 


FREE has captured the eye of jewelry designers world- 
, wide. Today you can wear this massive 6'2-carat 
Helenite Earrings stunner for only $149! 


-a $129 value- Make your emeralds jealous. Our Helenite 
with purchase of Necklace puts the green stone center stage, 
Helenite Necklace with a faceted pear-cut set in .925 


sterling silver finished in luxurious 


Necklace 
enlarged to 
show luxurious 
color. 


gold. The explosive origins of the 
stone are echoed in the flashes 
of light that radiate as the 
piece swings gracefully from 
its 18" luxurious gold- 
finished sterling silver 
| | chain. Today the volcano 
sits quiet, but this unique piece of American natural 
history continues to erupt with gorgeous green fire. 





Your satisfaction is guaranteed. Bring home 
the Helenite Necklace and see for yourself. If you 
are not completely blown away by the rare beauty ) 
of this exceptional stone, simply return the ¢* — 
necklace within 30 days for a full refund of your al 
purchase price. 


JEWELRY SPECS: 
- 6 ¥2 ctw Helenite in gold-finished sterling silver setting 
- 18" gold-finished sterling silver chain 


Limited to the first 2200 orders from this ad only 


Helenite Necklace (6 V2 ctW).........0.. Only $149 +saP 
Helenite Stud Earrings (1 ctw) ............0 $129 +sap 
Helenite Set $278 Call-in price only $149 «sap 
(Set includes necklace and earrings) “My wife received more 


Call now to take advantage of this extremely limited offer. compliments on this stone 





on the first day she wore it 3a; ger+ 
1- 800-859- 1979 than any other piece of jewelry oto 
(ES I’ve ever given her.” : : 
, BBS 3 | Scan to view the 
: —J Rating of A+ * Js from Orlando, FL gorgeous Helenite 
St auler 14101 Southcross Drive Wi’, Dept. HEL419-04, Stauer Client — Necklace in all its 
Burnsville, Minnesota 55337 www.stauer.com radiant beauty. 


Smart Luxuries—Surprising Prices” 





NEXT 


This map shows the seasonal intensity 

of hurricanes, typhoons, and tropical 
cyclones—all three names refer to the same 
phenomenon—since 1851 as recorded in 
NOAA's public archives. Storms in the Atlantic 
have been recorded for a much longer period, 
and therefore appear denser. Only in recent 
decades has activity in the more tumultuous 
Pacific been reliably monitored. 
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Stormy History Determining climate 


change's effects on hurricanes Is a messy business. Globally, 
hurricane frequency doesn't seem to be increasing, but the 
proportion of strongest storms is, according to senior research 
scientist Greg Holland of the National Center for Atmospheric 
Research. The North Atlantic region has seen increases in 
hurricane frequency and intensity since the 1970s, says 
atmospheric scientist Jim Kossin of the National Climatic Data 
Center. Human influences on climate are difficult to detect in 
historical data sets of hurricane activity due to natural variability 
and incomplete records. Before airplanes and satellites, people 
foreya\'/=\'.210 Meuse] agatcitielam-leleleimallldgletsip(ot-mbl)ialemaltona cl mes(e| (els 
firsthand accounts, and the telegraph. —Jane J. Lee 


This chart shows summaries 

oli altace) aler-|Malelgaler:|al-mi-t-0-10) 01 
lelellaleme|eme-lere)ce(-16M(-ale] cam iemerc\is 
of each storm and where storms 
rate on the Saffir-Simpson scale 
throughout their lifetimes, for a 
sense of overall activity. 
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oceanic air travel 
and overt aerial 
hurricane hunting 
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storm detection and tracking 
increase dramatically with emergence 


of geostationary satellites 
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JOHN WELSON, IOV SOLUTIONS. SOURCE: NOAA INTERNATIONAL 


BEST TRACK ARCHIVE FOR CLIMATE STEWARDSHIP 


Limited Mintage Striking... 
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& Collectible Mirrored proof Larger Franklin Liberty Bell, quill pen Minted in one Troy ounce Actual size is 6” x 2 44” 
oS 2013 date background portrait & July 4th date of pure silver bullion 
“ LAST CHANCE AT $99! 


New York Mint Announces the Limited Mintage 
eq Striking of an Extraordinary Silver Proof 

o —the Newest United States $100 Bill Struck in 
if Pure Silver Bullion. Discount Price $99 













This extraordinary piece of pure 
silver bullion has a surface area that 
exceeds 15 square inches...and it 
m= contains one Troy ounce of pure 
silver bullion! 


And now, for a limited time during 
the strike period, the very first Year 
2013 $100 Silver Proof is available 
at a special discount price—only $99! 


f. EXQUISITE DETAIL 





oo The historic 2013 $100 Silver Proof is an exquisite adap- 
® tation of the United States Treasury's newly-designed $100 
uy Federal Reserve Note—only the second new $100 bill 
Fe design in 70 years. It is a true artistic masterpiece that will 


always be treasured. 


.999 SILVER 


Best of all, this stunning Silver Proof is even more beautiful 
than the original, because it’s struck in precious silver bullion! 


ey It is a landmark in proof minting, combining unprece- 
ay dented weight with extraordinary dimension. The specifi- 
cations for this colossal medallic proof are unparalleled. 
Each one: 
* Is Individually Struck from Pure .999 Silver Bullion. 





¢ Weighs one Troy ounce. 
« Has a Surface Area That Exceeds 15 Square Inches. 
- ¢ Contains 31,10 Grams (480 Grains) of Pure Silver, 


e Is Individually Registered and Comes With a Numbered 
Certificate of Authenticity. 


oe ¢ Is Fully Encapsulated to Protect Its Mirror-Finish. 
¢ Includes a Deluxe Presentation Case. 








The price for this 2013 $100 Silver Proof will increase to 
$129 on Nov. 1, 2013. 

By placing your order now, you can acquire this giant 
silver proof for only $99. But this is your LAST CHANCE at 
this special price. 

NOTE TO COLLECTORS: When you place your order for the 
$100 silver proof, it will be processed immediately, and the ear- 
liest orders will receive the coveted lowest registration numbers. 


ADDITIONAL DISCOUNTS 


Substantial additional discounts are available for serious 
collectors who wish to acquire more than one of these 
exquisite silver proofs. You can order: 

ONE Year 2013 $100 Silver Proofs for just $99 each + s/h 

FIVE Year 2013 $100 Silver Proofs for just $95 each + s/h 

TEN Year 2013 $100 Silver Proofs for just $89 each + s/h 


There is a limit of twenty $100 Silver Proofs per order, 
and all orders are subject to acceptance by New York Mint. 


ONLY 9999 AVAILABLE 
New York Mint will limit striking to only 9999 One Troy 
Ounce Silver Proofs for the year 2013. With over half of the 
mintage already SOLD OUT, the time to call is now! 
Telephone orders only will be accepted on a strict first- 
come, first-served basis according to the time and date of 
the order. 
Call Today to Order Your 
$100 Silver Proof! 


1-888-201-7064 


Offer Code: SPN222-03 


Please mention this code when you call. 





A major credit card is necessary to secure your reserva- 
tion, and New York Mint guarantees satisfaction with a 
money-back policy for a full 30 days. 


New York Mint, LLC 


Prices and availability subject to change without notice. Past performance is not a predictor of future performance, NOTE: New York Mint® 
is a private distributor of worldwide government coin and currency issues and privately issued licensed collectibles and is not affiliated 
with the United States government. Facts and figures deemed accurate as of April 2013. ©2013 New York Mint, LLC. 


Visit our web site at www.newyorkmint.com 














The world's average coldest and 
hottest inhabited places: 


==, 












4°F 
Resolute, 
Canada 


56°F 
Earth's annual 
average 


Atbara, 
Sudan 





D Oown»n to One In 2005 researchers traveled to 


Panama on a rescue mission. The invasive chytrid fungus had been 
found in the country’s mountains, threatening to eliminate entire 
populations of amphibians. Biologists loaded hundreds of frogs into 
crates, including several dozen rare Rabbs’ fringe-limbed tree frogs 
and tadpoles, to protect them in U.S. labs. 

Now only one Rabbs’ remains. The others died of natural causes, 
and new tadpoles were never able to fully metamorphose in the labs. 
The last Rabbs’—nicknamed Toughie by his caretakers—lives Inside 
a biosecure shipping container with several other rare frog species. 
Roughly the size of an adult's hand, he’s fed a diet of crickets and is 
weighed weekly but otherwise touched sparingly. “It’s pretty nerve- 
racking taking care of him,” says the Atlanta Botanical Garden’s Mark 
Mandica. Although Toughie ts healthy, researchers believe he’s also 


Rabbs' fringe-limbed tree 
frogs haven't been heard in 
the wild since 2007. The last 
known one (above) is at the 
Atlanta Botanical Garden. 


very old. —Daniel Stone 


ANSWERS FOR EXPLORERS QUIZ ||| 


1. (C) Antarctica. Ross sailed from England in 1839, with H.M.S. 
Erebus and H.M.S. Terror, a pair of three-masted bomb vessels 
with reinforced hulls good for icy seas. The expedition discovered 
and mapped many notable features of the Antarctic coastline 
before sailing home in 1843—just as the era of oceangoing 
steamships was beginning. 

2. (A) PS-1. That's what Soviet technicians called the satellite they 
launched on October 4, 1957. Better known as Sputnik, it stirred 
up a worldwide sensation as humanity's first step beyond our 
own world. Several months later it also inspired San Francisco 
Chronicle columnist Herb Caen to dub members of that city's 
“beat” community “beatniks.” 

3. (C) First flight across the U.S. Lured by a $50,000 prize for flying 
coast-to-coast in fewer than 30 days, Rodgers lifted off fram 
Brooklyn, New York, on September 17, 1911, in the Vin Fiz Flyer, 
a Wright Brothers biplane named for a popular soda brand. A train 


PHOTO: JOEL SARTORE, GRAPHIC: ALVARO VALING. SOURCE: NOAA NATIONAL CLIMATIC DATA CENTER 
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Pee 
equipped with sleeping, dining, and hangar cars traveled with him. 
After numerous crashes, Rodgers arrived in Pasadena, California. 
He was the first person to cross the continent by air—but arrived 
19 days too late to win the prize. 

4, (B) Lawrence Oates. Hobbled by frostbite, the 32-year-old 
explorer knew he was hindering the other survivors as they 
struggled back from their doomed 1911-12 expedition to the 
South Pole. With the nighttime temperatures at -40°F, Oates 
walked willingly to his death, not troubling to put on his boots. 

His companions pushed on but soon also died. 

5. (C) In present-day Zambia. Livingstone died from malaria and 
dysentery in May 1873 in the village of llala. Legend has it that 
before shipping his body home to Britain, his African followers at- 
tached a note to the corpse: “You can have his body, but his heart 
belongs in Africa!” They buried his heart near where he had died, 
and a cairn called the Livingstone Memorial now marks the spot. 
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Curiosity, the 
Mars rover, is the 
next best thing to 
being there. 













Powered by plutonium, NASA's one-ton, 
nine-foot-wide rover can cover a hundred 
yards in a day, rolling over large rocks on 
six aluminum wheels. Four cameras scan 
for treacherous ground ahead. 


HASACIPLIMALIN SPACE SCIENCE SYSTEMS [RSA5) 





This is what you'd see from Curiosity'’s 
landing site. The rover made this panorama 
of Gale crater with a camera perched about 
six feet off the ground, like human eyes. 

At left and right are gray blast marks left by 
the sky crane’s rockets as it landed the rover. 
In the distance lies three-mile-high Mount 
Sharp, where Curiosity is headed. 
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Rovers on Mars 
Curiosity is the latest and by far the largest of four NASA rovers. 
In 1997 Sojourner, the smallest and simplest, proved that Mars 
roving was possible. Spirit and Opportunity analyzed rocks, 
confirming evidence from orbiters that large amounts of water 
had once been present on Mars. (Opportunity is still roving 
after nine years and 22 miles.) Curiosity can drill into rocks and 
scoop the powder into an onboard chemical lab. It's looking 
not just for water but also for ancient environments 
where microbes could have lived. 


RATT CHAE VR, Ho MAPS. SOURCES: MASAPL: USGS 











By John Grotzinger 


—Robert Louis Stevenson 


Stevenson, a Scot, was exploring California in 
1880 with his new bride. I’m one of a team of 
more than 500 travelers exploring Mars from 
California with the most sophisticated robot 
ever sent to another planet. As I write, Curios- 
ity is pounding a hole into a rock in Gale crater. 
That Neanderthal feat may not seem like proof 
of its sophistication. But it is. It took us ten 
years of engineering on Earth and six months 
of preparation on Mars to get to that rock. Drill- 
ing a two-inch-deep hole into it and extracting 
a baby-aspirin-size piece will take weeks more. 
Were doing it all to look for chemical evidence 
that Mars is not so different from Earth—that 
it too was once hospitable to life. 

I’m a geologist, and I do fieldwork on Earth. 
I usually head out with only a handful of other 
people. We drive into remote areas with four- 
wheel-drive trucks or get dropped off by small 
airplanes or helicopters. Then we walk a lot. To 
plan a field campaign takes months, not a decade, 
and when I want to sample a rock, I reach into my 
rucksack, grab my rock hammer, and knock off a 
piece. Sampling takes minutes, not weeks. Back 
in the lab we analyze samples in a few days rather 
than the months it takes Curiosity. On Earth as 
on Mars, doing fieldwork well takes a great deal 


> THE NEW AGE OF EXPLORATION is a yearlong series 
of articles celebrating National Geographic at 125. 





After taking its first scoops of 
Martian soil, Curiosity posed for a 
self-portrait. Stitched together from 
63 images, it shows the entire rover 
and even the imprints in the sand 

of its scoop and wheels—but not the 
seven-foot robotic arm that was 
holding the camera. 


NASASIPLIMSSS: 


of practice—but on Mars it’s at a different level. 
For starters, we need a bunch of brilliant engi- 
neers just to figure out how to wield the hammer 
or the drill. At Caltechs Jet Propulsion Laboratory 
they practiced for years on Curiosity's twin sister, 
testing tens of thousands of lines of computer 
code that command the seven-foot robotic arm 
to make sure they could execute the hundreds 


of motions required to place a 65-pound drill as 
gently as a feather on a target the size of a pea. 
We drilled scores of real rocks, and then we made 
fake rocks and drilled those too, because we wor- 
ried that the rocks might be different on Mars. 
We were certain the weather would be different. 








‘@ 
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The daily 180-degree-Fahrenheit temperature 
swings on Mars would cause the whole rover, 
including the drill bit, to expand and contract. 
So we had to figure out how to keep it from get- 
ting stuck. We worried too whether the powder 
produced by drilling would clump and clog the 
tiny tubes and sieves of our onboard chemical 
lab. We sweated a lot of details. 

Then, after we endured the famous “seven 
minutes of terror” as the sky crane set Curiosity 
down lightly on Mars, we went through six 
months of hand-wringing. We had to go easy 
with our brand-new $2.5 billion vehicle. When 
[ swing my hammer on Earth, every once in a 


MARS 39 


From the day we 
landed, this place 
looked different from 
all the others wed 
visited on previous 
missions to Mars. 
The images reminded 
us of home. 


while I miss and whack the hand that holds the 
chisel. Band-Aids and time usually solve the 
problem. On Mars we really dont want the drill 
or the percussion hammer to hit the rover, ever. 
The arm was built with as little slop as possible 
in the joints, and those thousands of lines of 
software were checked and checked again—but 
we still didn’t know exactly how it would all 
work on Mars until we tried it. For one thing, 
gravity there is about one-third as strong as it 
is on Earth. And so the dozens of activities we 
had practiced already in California, we practiced 
again on Mars, in very small steps. If working 
on Mars weren't so amazing, it would be enough 
to make you scream sometimes. But after six 
months we were ready to drill a rock. 


SO WHAT IS THIS precious powder we come in 
search of, like early explorers to the Spice Is- 
lands? Curiosity is looking for evidence that life 
could once have existed on Mars—for environ- 
ments that could have supported microbes and 
for organic molecules the microbes might have 
made. We're not searching for life itself; that 
would take instruments even more advanced 
than Curiosity’s. Its job is to help us figure out 
where a future mission should look for life. 

A habitable environment includes three im- 
portant ingredients: water, a source of energy, 


Caltech geologist John Grotzinger is chief scientist 
for the Curiosity mission. Fieldwork on Earth has 
taken him to every continent but Antarctica. 
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and the chemical building blocks of life, such as 
carbon. Earlier missions proved that Mars was 
once wet. Orbiters photographed ancient river 
valleys; rovers found minerals that contained wa- 
ter in their crystal structure. Curiosity is testing 
for the other two ingredients of habitability. Since 
the surface of Mars today is not hospitable, we're 
hunting for ancient rocks that preserve records 
of a wetter, more Earth-like environment. Were 
expecting to find such rocks in the stacked sedi- 
ment layers of Mount Sharp, at the center of Gale 
crater. But we stumbled on some not far from 
our landing spot, and so were drilling there first. 

We have to drill to find the good stuff. Drill- 
ing gets at material inside the rock that is less 
degraded and more likely to contain a faithful 
record of an ancient environment. From the 
study of Earths ancient environments, the major 
focus of my research for more than two decades, 
I've learned how difficult it is to discover such a 
record—and especially to find organic molecules 
that may have been made by ancient organisms. 

Even on Earth, which we know was teeming 
with microbial life billions of years ago, we find 
the traces in only a few locations. The paradox 
is that water, an essential ingredient for life, can 
also destroy organic carbon molecules. In just 
the places where we might look for life, places 
where water has flowed through sand or silt, pre- 
cipitating minerals that bind the particles into 
rock, the water has often erased the organic trac- 
es of life—with rare exceptions. On Earth weve 
learned how to hunt for those exceptions. It’s a 
long shot, but we're hoping Curiosity will find 
organic molecules on Mars. They can be made 
by nonliving processes too, so finding them 
wouldnt prove there was once life on Mars. But 
it would tell us where to look. 

We've already proved, with the first rock we 
drilled, that Mars was once habitable. A flat 
mudstone, shot through with veins of a mineral 
that formed in water, the rock looks like some- 
thing from a mining district. Curiosity analysis 
showed that the water was not too acidic for 
life—it would have been drinkable. It contained 
sulfur compounds that on Earth are an energy 
source for some microbes. It contained a carbon 


Mt. Sharp 











source too. We still can't say that the pond our 
rock formed in, maybe three billion years ago, 
was inhabited—only that it could have been. 


WE DIDN'T NEED a gas chromatograph, though, 
to sense that Gale crater is full of promise. We 
just needed to look at the photographs. Within 
a month of landing, we realized that Curiosity 
had touched down on an ancient streambed. ‘The 
stones looked like the ones Id sent skimming 
across the creek behind my house in Pennsyl- 
vania, back when I was a boy. 

Images of distant and unknown places have 
long inspired explorers and the public too. The 
photographs made during the Hayden expedi- 
tion to Yellowstone were an essential reason it 
was selected as Americas first national park in 
1872. Photographer William Henry Jackson cap- 
tured the public’s imagination and support by 
confirming the existence of western landmarks 
previously regarded as glorified myths: the 
Grand Tetons, Old Faithful, and strange pools 
of boiling-hot mud. Half a century later pho- 
tographer Ansel Adams began his long career 
of delighting the public with luminous pictures 
of parks that many would never visit. 

Curiosity’s photos are like that—inspiring but 
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Site of an ancient meteor crash, Gale 
crater is 96 miles across. Curiosity 
must drive for months, crossing black 
sand dunes, to begin climbing Mount 
Sharp. Its rock layers, up to four 
billion years old—perhaps older than 
any strata on Earth—may record the 
fateful time when Mars dried out. 


also familiar. Our robot is no Ansel Adams, and 
Gale crater is not the next national park, but its 
strikingly Earth-like appearance in Curiosity's 
postcards has delighted the public and all of 
us at the Jet Propulsion Lab too. From the day 
we landed, this place looked different from all 
the others we'd visited on previous missions 
to Mars. From the summit of Mount Sharp to 
the highlands of the crater rim to the close-up 
of those stones shaped by water in an ancient 
stream, the images have reminded us of home. 

It’s a strange and potent thought to have 
about another planet. Soon after you read this, 
we should be on our five-mile way across the 
crater to the mountain. As a traveler on Mars 
now, I'm feeling the truth of Stevenson's state- 
ment: This land is not so foreign. It's a beautiful 
place to go for adrive. 0 
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THE NEW AGE OF » EXPLORATION | 


In the new story of the 
solar system, the future 
is a bit dicey, and 
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University of Washington, its image grew larger, 
until it filled the computer screen like an alien 
landscape. Zooming in on a dark patch that 
looked like a jagged cliff, Dave Joswiak upped 
the magnification to 900,000. The patch resolved 
into tiny, jet-black grains. “Some of these guys 
are only a couple of nanometers in size—that's 
amazingly small, Joswiak said. His tone was 
reverent. “We think this is the primordial, un- 
altered material that everything formed from in 
the solar system.’ 

The dust speck has a name: Inti, for the Inca 
god of the sun. It probably spent nearly all of 
the past 4.5 billion years in a deep freeze beyond 
Neptune, inside the comet Wild 2 (pronounced 
VILT-two). Decades ago Wild 2 somehow got 
nudged into an orbit that drew it in past Jupiter, 
where it began to disintegrate in the suns heat. 
In January 2004 a NASA spacecraft called Star- 
dust zipped past Wild 2 and snared thousands of 
dust specks with a trap made of aerogel—a puffy, 
glassy material that looks like frozen smoke. Two 
years later a capsule carrying this delicate cargo 
parachuted into the Utah desert. The Stardust 
team teased the specks from the gel, stuck them 
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in their electron microscopes, and stared back at 
the birth of our solar system. They were stunned 
by what they saw. 

Scientists have long known that the planets, 
comets, and other bodies orbiting the sun were 
born, some 4.5 billion years ago, from a spin- 
ning disk of dust and gas called the solar nebula. 
They've long assumed that things formed more 
or less where they orbit now. In the frigid realm 
beyond Neptune, the material available for mak- 
ing comets would have been a mix of ice and 
fluffy, carbon-rich dust. But Inti’s dark grains 
contained exotic minerals—hardy bits of rock 
and metal such as tungsten and titanium nitride 
that could only have been forged near the new- 
born sun, at temperatures of more than 3000 
degrees Fahrenheit. Some violent process must 


METEORITE Long ago, somewhere between Mars and Jupiter, two asteroids collided. This 
two-pound meteorite was probably blasted off the larger one, called Vesta. 
Jupiter's gravity later slung it to Earth, where it landed on the Antarctic snow. 


have hurled them into the outer solar system. 

“We were dumbfounded,’ says Donald Brown- 
lee, head of the Stardust team and Joswiak’s 
boss. “It was astounding to find these highest- 
temperature materials in the solar system's 
coldest bodies. The solar system was literally 
turning itself inside out.” 


WHEN MOST OF US were growing up, the solar 
system seemed reliable and well behaved. “There 
were nine planets orbiting in well-determined 
orbits like clockwork, forever,’ says Renu Mal- 
hotra of the University of Arizona. “Forever in 


the past, and forever in the future.” Planetarium 
displays and the lovely mechanical devices called 
orreries embodied this idea, which went back to 
Isaac Newton. In the late 17th century Newton 
showed that a planets orbit could be calculated 
from its gravitational interaction with the sun. 
Soon clockmakers were building increasingly 
elaborate orreries, with brass planets that circled 
the sun on unchanging pathways. 

Newton himself knew that reality was messier. 
The planets, he recognized, must also interact 
with one another. Their gravitational tuggings 
are far weaker than those of the sun, but over 
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COMET DUST In a NASA clean room a scientist examines traps containing dust snared by the 
Stardust probe as it flew by the comet Wild 2. Each speck left a hair-size track 
(right) as it plunged into the puffy aerogel at more than 13,000 miles an hour. 


time they affect the paths of neighbors. As a re- 
sult, as Brownlee puts it, “there's no such thing as 
a circular orbit.’ In principle the relentless pull of 
gravity can amplify these small deviations until 
orbits migrate, cross, or otherwise go haywire. 
Newton concluded that God must step in from 
time to time to fix the clockwork. But he couldn't 
say when. Even he who invented calculus was 
defeated by the “n-body problem’: He had no 
formula for calculating into the distant future 
the orbits of multiple bodies that were all pulling 
on one another. 

In practice no one saw evidence that plan- 
etary orbits had ever changed. So the clockwork 


Robert Irion directs the science writing program 

at the University of California, Santa Cruz. Mark 
Thiessen’s photographs of methane, an invisible gas, 
appeared in the December issue. Artist Dana Berry 
created the December 2009 cover and this months. 
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solar system stuck with us—enduringly stable, 
it seemed, even without fixes from the Creator. 

But a far more dramatic view has arisen in the 
past decade or so. While the findings from Star- 
dust indicate the solar system was turned inside 
out during infancy, many scientists now think it 
also went through a raucous adolescence: Hun- 
dreds of millions of years after they formed, the 
biggest planets swept into new orbits, casting 
large rocks and comets every which way. In this 
view the scarred surface of the moon is lingering 
testimony to a period of epic mayhem. 

“Who would have thought the giant planets 
might move, that the entire layout of the so- 
lar system could change?” says Alan Stern of 
the Southwest Research Institute in Boulder, 
Colorado. Some signs were there, Stern says. But 
it took new telescope surveys to reveal them, 
along with “digital orreries’—clever algorithms 
that apply brute computing power to calculating 
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~ OUR MOON IS BORN © 
The birth of the planets 4.5 billion years ago- : 
was extremely violent. They grew to full size by — 
alekvelg e)lare rival planet embryos in a series of titanic 
collisions—one of which probably gave Earth its 
areleam (el=1(e) ua mm i alomaalele)abcm(-lcel-m-)r4-mm (ele l=) alc) 1a'e 
and other features suggest that itemerged from ~* 
* an explosion of debris after a Mars-size protoplan- 
et struck Earth, vaporizing itself and part of Earth's 
rocky mantle (left). According to one recent — 
hypothesis, the moon had a little sister at first. 


MOVING OUT Lunar gravity raises 
a tidal bulge on Earth; its spinning 
in turn accelerates the moon, 
causing it to spiral slowly outward. 


- Asister moon, about a third as 


wide, orbits at a distance. . 


SPLAT Within tens of millions of 
years the moon reels in its sister. 
splatting onto the moon's far side, 
it creates highlands there—a 
striking contrast to the low plains, 
called maria, on the side we see. 





SOURCE: ROBIN CANUP, SWAI 





If an asteroid or comet 
approached Neptune, the 
planets powerful gravity 
might fling it toward the 
sun or out of the solar 
system, in a Cosmic ver- 
sion of crack the whip. 


the past and future orbits of the planets. 

The first clue came from Pluto. The oddball 
of the solar system, it dips far above and below 
the pancake-like plane in which the eight planets 
travel; it swoops on an elongated orbit that takes 
it from 30 to 50 times Earth’s distance from the 
sun. But the most curious thing about Pluto is 
its bond with Neptune. It’s called a resonance: 
For every three times that Neptune orbits the 
sun, Pluto orbits twice, and in such a way that 
the bodies never approach each other. 

In 1993 Renu Malhotra figured out how that 
exact synchrony could have evolved. She pro- 
posed that when the solar system was young and 
full of asteroids and comets, Neptune was closer 
to the sun. If one of those bodies approached 
Neptune, the planet's powerful gravity might 
either fling the object closer to the sun or out 
of the solar system entirely, in a cosmic version 
of crack the whip. Because action begets reac- 
tion, Neptune's orbit would shift a tiny bit too. 
A human, even a Newton, could never calculate 
the effect of trillions of such interactions—but 
Malhotra’s computer model showed that on av- 
erage they would compel Neptune to migrate 
away from the sun. In her scenario, that led it to 
“capture” Pluto, which was already farther out, 
and sweep it into gravitational lockstep. 

Her colleagues were doubtful, but Malhotra 
was proved right within a decade. In the Kuiper 
belt, a dark region extending far beyond Neptune, 
telescopes unveiled bunches of Plutinos—icy 
dwarf worlds that have the same two-to-three 
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resonance with Neptune. That could only 
have happened, says Malhotra, if Neptune had 
advanced toward the Kuiper belt like a gravita- 
tional snowplow, piling up dwarf planets into 
new orbits. “Once the Plutinos were discovered, 
it was a slam dunk,’ she says. “Planet migration 
practically became a textbook idea.” 

The notion of migrating planets came along at 
a time when planetary scientists were puzzled by 
several other features of the solar system. By the 
early 2000s they had long since realized that the 
birth pangs of the solar system had been violent. 
The planets had not condensed gently from the 
solar nebula; instead they had grown to full size 
by absorbing planetesimals—rocky asteroids, icy 
comets, and larger objects—that smashed into 
them at high speed. According to one theory, the 
moon coalesced from the spray of molten rock 
that was blasted into orbit when a body the size 
of Mars collided with Earth. All this probably 
happened in the first 100 million years. 

The puzzle was that the extreme violence 
didn’t end then. Many hundreds of millions of 
years later, the moon suffered a series of major 
impacts that left it permanently scarred with 
huge craters. This so-called Late Heavy Bom- 
bardment would have pounded Earth even more 
viciously. Scientists had no good explanation for 
what sparked it, since by the time it happened, 
the planets had swept their orbits mostly clean 
of debris. 

Telescopes were unveiling a similar enigma in 
the Kuiper belt. Besides Plutinos, it was littered 
with bodies on wildly different orbits. Some of 
the bodies were grouped in a flat disk, some in 
a puffy doughnut-shaped cloud; others were on 
orbits even more crazily eccentric (the techni- 
cal term for elongated) than Plutos. “It looked 
like a train wreck,’ says Harold Levison, Stern's 
colleague at the Southwest Research Institute. 
The smooth outward migration of Neptune that 
Malhotra had used to explain the Plutinos would 
not have strewn debris so widely. 

Meanwhile, astronomers had started to 
discover planets around other stars—and to 
radically expand their notions of what's possible 
in a planetary system. Hundreds of extrasolar 








CLOCKWORK The old models called orreries depicted an ever predictable solar system. The 
real one is more random: Moving a pencil across your desk today, says one 
astronomer, can shift Jupiter halfway around its orbit a billion years from now. 


planets have now been detected. Some are in 
tightly bunched orbits, much closer together 
than the planets in our solar system. Some are 
Jupiter- or Neptune-size worlds that race on 
insanely hot orbits close to their suns. Others 
loop deep into space on weird trajectories—on 
average the orbits of extrasolar planets are more 
eccentric than those in our solar system. Some 
planets even float freely in interstellar space. 
None of this is what you would expect from 
planets that were born in a spinning disk 
around a star and stayed quietly in their birth- 
place. That process should produce well-spaced, 
near-circular orbits, like the ones in the brass 
orreries. Clearly many planets had migrated, 
but smooth migrations didn't seem to account 
tor extreme orbits and late bombardments, at 
least not to Levison. He began to suspect that 
our solar systems history had been anything but 
smooth—that it had somehow endured a “global 


gravitational instability,’ as he now calls it. In 
2004 he gathered with three colleagues on sab- 
batical in Nice, France, to try to work out how. 


LEVISON, WHO GOES BY “Hal, is a burly man with 
thin, graying hair pulled back into a ponytail and 
an untamed Santa-style beard. He's both seri- 
ous and impish; his Boulder office contains lush 
old illustrations of planetary orbits, an Albert 
Einstein action figure, and a model of Gort, the 
robot from The Day the Earth Stood Still. He's 
fond of giving provocative talks and will some- 
times wear a catchers mask to ward off brickbats 
from the audience. “What I’m going to say is 
really absolutely crazy,’ he said at the start of a 
recent seminar. “If we publish this, my career 
might be over.’ He could have made the same 
remark back in 2004 about what is now called 
the Nice model—the hypothesis that he and his 
colleagues, including Alessandro Morbidelli of 
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Everything happened 
slowly—until Saturn 
began completing 
exactly one orbit for 
every two of Jupiters. 
That triggered a 
devastating cascade. 


the Cote d'Azur Observatory in Nice, developed 
on the basis of dozens of computer simulations. 

In essence Levisons team proposed that our 
solar system's four giant planets—Jupiter, Saturn, 
Uranus, and Neptune—had started out much 
more closely packed together, on nearly circular 
orbits, with the latter three closer to the sun than 
they are now. Early on they were embedded in 
the disk-shaped solar nebula, which was still full 
of icy and rocky debris. As the planets absorbed 
those planetesimals or flung them away after 
close encounters, they cleared gaps in the disk. 

Because the planets were also tugging on one 
another, the whole system was fragile—“almost 
infinitely chaotic, Levison says. Instead of each 
planet being linked only to the sun by a brass 
arm, it’s as if they were all linked by gravitational 
springs as well. The most powerful one linked 
the two biggest bodies, Jupiter and Saturn. A 
yank on that spring would jolt the whole system. 

And that, the team believes, is what happened 
when the solar system was about 500 million to 
700 million years old. As the planets interacted 
with planetesimals, their own orbits shifted. 
Jupiter moved slightly inward; Saturn moved 
slightly outward, as did Uranus and Neptune. 
Everything happened slowly—until at a certain 
point Saturn was completing exactly one orbit 
for every two of Jupiter's. 


That one-to-two resonance wasnt stable like 
the one between Neptune and Pluto; it was a 
brief, vigorous yank on the spring. As Jupiter 
and Saturn approached and pulled each other 
repeatedly at the same point in their orbits, 
those near-circular orbits were stretched into 
the ellipses we see today. That soon ended the 
precise resonance, but not before Saturn had 
moved close enough to Uranus and Neptune 
to accelerate them. Those two planets hurtled 
violently outward. In about half the Nice team’s 
simulations, they even swapped places. 

As Uranus and Neptune plowed through 
zones of the solar system that were still full of 
icy planetesimals, they triggered a devastating 
cascade. Ice balls were catapulted in all direc- 
tions. The giant planets captured a few as oddly 
orbiting moons. Many objects, perhaps includ- 
ing the comet Wild 2, were scattered into the 
Kuiper belt. An untold number—perhaps a tril- 
lion—were banished even farther to the Oort 
cloud, a vast cocoon of comets reaching halfway 
to the next star. A lot of comets were also hurled 
into the inner solar system, where they crashed 
into planets or fell apart in the heat of the sun. 

Meanwhile the giant-planet migrations also 
disrupted the rocky asteroid belt between Jupiter 
and Mars. Scattering asteroids joined com- 
ets from farther out to create the Late Heavy 
Bombardment. A recent NASA mission called 
GRAIL documented how badly our moon suf- 
fered then and earlier in its history: Its entire 
crust was deeply fractured. Earth would have 
caught even more flak, but shifting tectonic 
plates have erased the craters. Any early life 
could only have survived deep underground. 

The worst of the Late Heavy Bombardment 
was over, according to the Nice model, in less 
than 100 million years. But recent work by Bill 
Bottke of the Southwest Research Institute sug- 
gests that ongoing impacts may have disrupted 
life for up to two billion more years. When an 
asteroid slams into Earth, tiny droplets of molten 


SURVIVOR Vesta never grew into a planet, but it endured eons of impacts and Is now, at 
more than 300 miles across, the third largest asteroid in the belt between Mars 
and Jupiter. Six percent of the meteorites that fall on Earth are chips off Vesta. 
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rock are lofted high into the atmosphere, and 
they later rain out as solid, glassy beads called 
spherules. Deposits of spherules from the six- 
mile-wide asteroid that hit the Yucatan some 
65 million years ago, wiping out the dinosaurs, 
have been discovered all over the world. So far 
at least a dozen comparable spherule beds have 
been found that date from a series of impacts 
between 1.8 billion and 3.7 billion years ago. 

‘The computer simulations by Bottke’s team 
trace the source of those impacts to a now van- 
ished inner rim of the asteroid belt, which shed 
asteroids for two billion years after Jupiter dis- 
turbed it. According to Bottke, as many as 70 
may have struck Earth, each comparable to the 
one that extinguished the dinosaurs. 

“Solar system evolution is dynamic,’ Levison 
says. Its violent. Our solar system is probably 
on the mild side compared with what happens 
elsewhere. You probably need that mildness in 
order to have a habitable planet.’ 


THE NICE MODEL is a hypothesis, and not all 
scientists are convinced its true. Everyone now 
agrees that at least some planets migrated, but 
whether that set off a violent solar-system-wide 
paroxysm is up for debate. “It’s a fascinating con- 
cept, says Donald Brownlee. “It must happen 
in places, around other stars. Whether or not it 
happened here, we don't know for sure.’ It's clear 
that comet particles like Inti were blasted out- 
ward from near the sun, he says, but the planets 
may have shifted more gently. 

‘The key to testing the Nice model is map- 
making. Charting the composition and orbits of 
distant objects should reveal whether and how 
the planets cast them there. Stern is leading a 
NASA mission called New Horizons that will 
send an unmanned probe past Pluto and its five 
known moons in July 2015. From there Stern 
hopes to redirect New Horizons to examine at 
least one other body in the Kuiper belt. 

Powerful new telescopes planned for the next 
decade will expose far more objects in the Kuiper 
belt. They may also peek into the Oort cloud, 
which Stern calls the solar system's attic. The 
debris cast there by Jupiter may include some 
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lost planets. “I think the Oort cloud will blow 
our minds,’ says Stern. “It will be littered with 
planets. I think we'll find lots of Marses and 
Earths out there.” 

What about the future of the planets we 
know? Forecasting the solar system is like 
forecasting the weather. There's so much ran- 
domness in the system, says theorist Greg 
Laughlin of the University of California, Santa 
Cruz, that the forecast—as well as any historical 
reconstruction—has to be given in probabilities. 
Scientists are as certain as they can be that the 
four giant planets have finished wandering and 
will still be on the same orbits five billion years 
from now, when the aging sun is expected to 
balloon outward and engulf the inner planets. 
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RADAR California's 230-foot-wide Goldstone antenna makes radar images that reveal an 
asteroid’s size, speed, and distance—and whether it’s headed near Earth. In February 
a 130-foot rock passed within 17,200 miles of Earth, closer than some satellites. 


It's a little bit less certain that the inner planets— 
Mercury, Venus, Earth, and Mars—will still be 
around to die that way. 

“There is a one percent chance the inner so- 
lar system will go dramatically unstable during 
the next five billion years,’ says Laughlin. The 
problem is a weird long-distance connection 
between Jupiter and Mercury. When Jupiter's 
closest approach to the sun lines up with Mer- 
curys noticeably squashed orbit in just the right 
way, Jupiter exerts a slight but steady tug. Over 
billions of years this gives Mercury a 1-in-100 
chance of crossing the orbit of Venus. There is 


a further 1-in-500 chance that if Mercury goes 
nuts, it will also perturb the orbit of Venus or 
Mars enough for one of them to hit Earth—or 
miss it by several thousand miles, which would 
be almost as bad. “The entire Earth would get 
stretched and melted like taffy,’ says Laughlin, 
eagerly demonstrating with his hands. 

That faint risk of apocalypse—a 1-in-50,000 
chance that the Earth will succumb to orbital 
chaos before the sun incinerates it—is our legacy 
of the solar system's youth, when it turned in- 
side out. “If you give gravity enough time,’ says 
Levison, “it will do stuff like this” DO 
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From a glue-covered stick on Cyprus hangs a life, 
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After crossing the Mediferranean on their 
way south, goldén origles must brave 
more than a thousand miles of Saharan » 
desert. The Al Maghrah oasis is a wel- 
come spot of green in this sea of sand, But 
hunters lie in wait for the weary birds. 
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By Jonathan Franzen 





Arabic: “You Americans feel bad 
about the birds, but you dont feel bad 
about dropping bombs on someone's homeland.” 

I could have answered that it’s possible to 
feel bad about both birds and bombs, that two 
wrongs dont make a right. But it seemed to me 
that the birdseller was saying something true 
about the problem of nature conservation in 
a world of human conflict, something not so 
easily refuted. He kissed his fingers to suggest 
how good the birds tasted, and I kept frowning 
at the cages. 

To a visitor from North America, where bird 
hunting is well regulated and only naughty farm 
boys shoot songbirds, the situation in the Medi- 
terranean is appalling: Every year, from one end 
of it to the other, hundreds of millions of song- 
birds and larger migrants are killed for food, 
profit, sport, and general amusement. ‘The kill- 
ing is substantially indiscriminate, with heavy 
impact on species already battered by destruc- 
tion or fragmentation of their breeding habitat. 
Mediterraneans shoot cranes, storks, and large 
raptors for which governments to the north 
have multimillion-euro conservation projects. 
All across Europe bird populations are in steep 
decline, and the slaughter in the Mediterranean 
is one of the causes. 

Italian hunters and poachers are the most 
notorious; for much of the year, the woods and 
wetlands of rural Italy crackle with gunfire and 
songbird traps. The food-loving French continue 
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Photographs by David Guttenfelder 


N A BIRD MARKET IN THE MEDITERRANEAN 
TOURIST TOWN OF MARSA MATRUH, EGYPT, I 
WAS INSPECTING CAGES CROWDED WITH WILD 
TURTLEDOVES AND QUAIL WHEN ONE OF THE 
BIRDSELLERS SAW THE DISAPPROVAL IN MY 
FACE AND CALLED OUT SARCASTICALLY, IN 


to eat ortolan buntings illegally, and France's 
singularly long list of huntable birds includes 
many struggling species of shorebirds. Songbird 
trapping is still widespread in parts of Spain; 
Maltese hunters, frustrated by a lack of native 
quarry, blast migrating raptors out of the sky; 
Cypriots harvest warblers on an industrial scale 
and consume them by the plateful, in defiance 
of the law. 

In the European Union, however, there are 
at least theoretical constraints on the killing 
of migratory birds. Public opinion in the EU 
tends to favor conservation, and a variety of 
nature-protection groups are helping govern- 
ments enforce the law. (In Sicily, formerly a hot 
spot for raptor killing, poaching has been all but 
eliminated, and some of the former poachers 
have even become bird-watchers.) Where the 
situation for migrants is not improving is in the 
non-EU Mediterranean. In fact, when I visited 
Albania and Egypt last year, I found that it’s be- 
coming dramatically worse. 


ebruary 2012 brought eastern Europe its 
coldest weather in 50 years. Geese that 


normally winter in the Danube Valley 
flew south to escape it, and some 50,000 of them 
descended on the plains of Albania, starving 
and exhausted. Every one of them was exter- 
minated. Men using shotguns and old Russian 
Kalashnikovs mowed them down, while women 
and children carried the carcasses into towns 
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A young Bedouin in the Western Desert shows off a sample from his morning haul: 
a golden oriole rich in fat after a summer in Europe. Bedouin tend to eat what they 


catch. Plucked and fried, this two-ounce bird will provide two bites of meat. 


for sale to restaurants. Many of the geese had 
been banded by researchers to the north; one 
hunter told me hed seen a band from Green- 
land. Although nobody in Albania is going 
hungry, the country has one of the lowest per 
capita incomes in Europe. The unusual influx 
of saleable geese was literally a windfall for local 
farmers and villagers. 

The easternmost of Europes migratory 
flyways passes through the Balkans, and in 
Albania the Adriatic coastline, which is other- 
wise forbiddingly mountainous, opens into an 
extraordinarily rich system of wetlands, lakes, 
and coastal plains. For millennia birds making 
the northward journey from Africa were able 
to rest and refuel here before struggling on over 
the Dinaric Alps to their breeding grounds, and 


to stop here again in the fall before recrossing 
the Mediterranean. 

Under the 40-year Marxist dictatorship of En- 
ver Hoxha, totalitarianism destroyed the fabric 
of Albanian society and tradition, and yet this 
was not a bad time for birds. Hoxha reserved 
the privileges of hunting and private gun own- 
ership for himself and a few trusted cronies. 
(To this day the national Museum of Natural 
History displays bird trophies of Hoxha and 
other members of the politburo.) But a handful 
of hunters had minimal impact on the millions 
of migrants passing through, and the countrys 


Novelist Jonathan Franzens latest book is Farther 
Away. This is AP staff photographer David 
Guttenfelder’s third story for the magazine. 
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At the market in El Daba, dead songbirds are counted. Merchants sell both 
live and dead birds at specialty markets in towns along the coast. When customers 


purchase them live, the merchants kill and pluck them on the spot. 


command-economy backwardness, along with 
its repellence to foreign beach tourists, ensured 
that its wealth of coastal habitat remained intact. 

Following Hoxhas death, in 1985, the country 
underwent an uneasy transition to a market econ- 
omy, including a period of near anarchy in which 
the countrys armories were broken open and the 
military's guns were seized by ordinary citizens. 
Even after the rule of law was restored, Albanians 
kept their guns, and the country remained under- 
standably averse to regulation of all kinds. The 
economy began to grow, and one of the ways in 
which a generation of younger men in Tirana ex- 
pressed their new freedom and prosperity was to 
buy expensive shotguns, by the thousands, and 


use them to do what formerly only the elite could 
do: kill birds. 
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In Tirana, a few weeks after the big February 
freeze, | met a young woman who was very un- 
happy with her husband's new hunting hobby. 
She told me theyd had a fight about his gun, 
which he'd had to borrow money to pay for. He 
kept the gun in their 1986 Mercedes, and she 
described how shed once watched him pull over 
to the side of a road, jump out of the car, and 
start shooting at little birds on a power line. 

“Td like to understand this,’ I said. 

“You wont!” she said. “We've talked about it, 
and I don't understand it.’ But she called her hus- 
band on her cell phone and asked him to join us. 

“It’s become fashionable, and my friends 
talked me into it,’ the hunter explained to me, 
somewhat sheepishly. “I’m not a real hunter— 
you cant become a hunter at 40. But being a new 


Hiding in densely foliaged trees, orioles are 


more often heard than seen. Hunters seek them 


in the open, watching for their bright colors. 


one, and feeling good about owning a licensed 
weapon, a very good powerful gun, and never 
having killed any birds before, it was fun at first. 
It was like when summer comes and you feel 
like jumping in the ocean. I would go out on my 
own and drive up into the hills for an hour. We 
don't have well-identified protected areas, and 
I'd shoot whatever I could. It was spontaneous. 
But it gets less joyful when you think about the 
animals youre killing. 

“Yes, what about that?” I said. 

The hunter frowned. "T feel very uncomfort- 
able with the situation. My friends are saying it 
now too: “There are no birds; we walk for hours 
without seeing any. It’s really scary. At this point 
I'd be happy if the government put a stop to all 
hunting for two years—no, five years—to let the 
birds recover.’ 

There would be precedent for a fiat like this: 
Seven years ago, when coastal drug and human 
smuggling became a problem, the government 
simply banned most private boats and yachts. But 
electoral power in Albania is narrowly balanced 
between two major political parties, each of which 
is loath to impose potentially unpopular regula- 
tion on an issue of minor concern to most voters. 

There is, indeed, only one serious bird ad- 
vocate in Albania, Taulant Bino, who is also 
the country’s only real bird-watcher. Bino is the 
deputy minister of the environment, and one 
morning he took me out to Divjaka-Karavasta 
National Park, the crown jewel of Albanian 
coastal preserves, a vast area of outstanding 
beach and wetland habitat. It was mid-March, 
a time when hunting is banned throughout the 
country, and the park (where hunting is pro- 
hibited year-round) ought to have been full of 
wintering and migrating waterfowl and waders. 
Except for one pond defended by fishermen, 
however, the park was strikingly devoid of bird- 
life; there werent even any mallards. 


BIRD ILLUSTRATIONS: MESA SCHUMACHER; 
FERNANDO G. BAPTISTA, NGM STAFF (BLACKCAP) 


GOLDEN ORIOLE 
Oriolus oriolus 





Driving along the beach, we soon saw one rea- 
son why: A group of hunters had put out decoys 
and were shooting cormorants and godwits. The 
parks manager, who was escorting us, angrily told 
the hunters to leave, at which point one of them 
took out a phone and tried to call a friend in the 
government. “Are you crazy?” the park manager 
shouted at him. “Do you realize that I’m here with 
the deputy minister of the environment?” 

Binos ministry has safeguarded, at least 
on paper, sufficient habitat to sustain healthy 
populations of migratory and breeding birds. 
“When conservationists saw that the economic 
development might hamper the biodiversity,” 
Bino told me, “they thought theyd better ex- 
pand the network of protected areas before they 
were threatened with development. But it’s dif- 
ficult to control people who are armed—you 
also need the police. We closed one area here 
in 2007, and 400 hunters showed up, shooting 
everything. The police came in and confiscated 
some weapons, but after two days they said to 
us, “This is your problem, not ours.” 

Unfortunately, the old communist joke still 
applies to forestry officials responsible for the 
protected areas: The government pretends to pay 
them, and they pretend to work. Asa result, the 
laws are not enforced—a fact that Italian hunt- 
ers, limited by EU regulations at home, were 
quick to recognize and exploit after Hoxha’s 
death. During my week in Albania I didnt visit 
a protected area in which there were not Ital- 
ian hunters, even though the hunting season 
had ended, even in unprotected areas. In every 
case the Italians were using illegal high-quality 
bird-sound playback equipment and shooting as 
much as they wanted of whatever they wanted. 

On a second visit to Karavasta, without Bino, 
I saw two men in camouflage getting into a boat 
with guns, obviously hurrying to push off before 
I could speak to them. An Albanian helper of 
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theirs, standing on the beach, told me that they 
were Albanians, but when I called out to them, 
they shouted back in Italian. 

“OK, they're Italians,’ the helper admitted as 
they motored away from us. “Cardiologists from 
Bari, very well equipped. They were out here 
from dawn to midnight yesterday.” 

“Do they know the hunting season is over?” 
l asked. 

“They re smart men.” 

“How did they get into the national park?” 

“It’s an open gate.” 

“And who gets paid off? The guards?” 

“Not the guards. It's higher up.’ 

“The park manager?” 

The helper shrugged. 

Albania was once ruled by Italy, and many 
Albanians still view Italians as models of so- 
phistication and modernity, Beyond the very 
considerable immediate damage that Italian 
tourist hunters do in Albania, they ve intro- 
duced both an ethic of indiscriminate slaughter 
and new methods of accomplishing it—in 
particular the use of playback, which is cata 
strophically effective in attracting birds. Even in 
provincial villages, Albanian hunters now have 
MP3s of duck calls on their cell phones and 
iPods. Their new sophistication, coupled with 
an estimated 100,000 shotguns (in a country of 
three million) and a glut of other weapons that 
can be used opportunistically, has turned Alba 
nia into a giant sinkhole for eastern European 
migratory biomass: Millions of birds fly in and 
very few get out alive. 

The smart or lucky ones avoid the country, On 
a beach in Velipoja | watched large flocks of gar 
ganevs fly back and forth in distress, far offshore, 
further exhausting themselves after crossing the 
Adriatic, because local hunters in well-spaced 
beach blinds prevented them from reaching 
the wetlands where they could feed. Martin 
Schneider-Jacoby, who was a bird specialist for 
the German organization EuroNatur until his 
death last summer, described to me how flocks 
of cranes, approaching Albania from the sea, 
divide in two by age group. The adult birds con- 
tinue flying at high altitude, while inexperienced 
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COMMON KESTREL 
Falco tinnunculus 






first-year birds, seeing attractive habitat below, 
descend until shots ring out—there’s always 
somebody ready to take potshots—and then 
rise again and follow the adults. “They're com- 
ing from the Sahara,’ Schneider-Jacoby said, “and 
they have 2,000-meter mountains they have to 
cross. They need the rest. They might still have 
the energy to get over the mountains, but maybe 
not then for successful breeding’” 

Across the Albanian border, in Montenegro, 
Schneider-Jacoby showed me the extensive salt 
pans at the town of Ulcinj. Until recently, Mon- 
tenegrin hunters kept the pans as empty of birds 
as Albania’s “protected” areas, just a few miles 
away, but a nonprofit, the Center for Protection 
and Research of Birds of Montenegro, has pro- 
vided for a single ranger to report poachers to 
the police, and the results have been dramatic: 
birds as far as the eye can see, thousands of wad- 
ers, thousands of ducks, all busily feeding. Spring 
migration, always awe-inspiring, had never 
seemed to me more so. 

“Eurasia cannot afford a sinkhole like Alba- 
nia, Schneider-Jacoby said. “Were too good at 
killing these animals, and we still havent learned 
in Europe how to have a system that will allow 
birds to survive. Hunting bans are the only thing 
that seems to work right now. If they stop the 
hunting here, they'll have the best habitat in Eu- 
rope. People will come to Karavasta to see the 
resting cranes.” 


he situation in Albania isn't hopeless. 
Many new hunters seem aware that some- 
thing has to change; better environmental 
education and the coming growth of foreign 
tourism may increase demand for unspoiled 
natural areas; and bird populations will rebound 
quickly if the government enforces the law in 
protected areas. When I took the hobbyist hunt- 
er and his wife to Karavasta and showed them 
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Kestrels and other raptors prey on smaller 
birds, and as a consequence often become trapped 


in nets and on lime sticks set for songbirds. 


the ducks and waders at the one defended pond, 
the wife cried out with pride and happiness: “We 
didnt know we had birds like this here!” (Shortly 
after my visit, her husband sold his gun.) 

Farther south, hope is harder to come by. As 
in Albania, history and politics in Egypt militate 
against conservation. The country is nominally 
a signatory to several international conventions 
regulating bird hunting, but long-standing re- 
sentment of European colonialism, compounded 
by the conflict between traditional Muslim cul- 
ture and the destabilizing freedoms of the West, 
disincline the Egyptian government to abide by 
them. What's more, the Egyptian revolution of 
2011 was specifically a repudiation of Egypt's po- 
lice. The new president, Mohamed Morsi, could 
ill afford to enforce regulations overzealously; he 
had a lot more urgent worries than wildlife. 

In northeastern Africa, unlike in the Balkans, 
there is also an ancient, rich, and continuous tra- 
dition of harvesting migratory birds of all sizes. 
(The miraculous provision of meat accompa- 
nying the manna from heaven that saved the 
Israelites in the Sinai is thought to have been 
migrating quail.) As long as the practice was 
pursued by traditional methods (handmade nets 
and lime sticks, small traps made of reeds, cam- 
els for transportation), the impact on Eurasian 
breeding bird populations was perhaps sustain- 
able. The problem now is that new technology 
has vastly increased the harvest, while the tradi- 
tion remains in place. 

The most hope-confounding cultural disjunc- 
tion, however, may be this: Egyptian bird hunters 
make no distinction between catching a fish and 
catching a bird (indeed, in the Nile Delta, they 
use the same nets for both), whereas, for many 
Westerners, birds have a charisma, and thus an 
emotional and even ethical status, that fish do 
not. In the desert west of Cairo, while sitting in a 
tent with six young Bedouin bird hunters, I saw 
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A tethered raptor serves as a trappers spotter. When the bird spies a falcon, it 
looks up. This alerts the trapper to release a small bird wearing a snare, trapping 


the falcon if it comes in for the kill. Falconers pay up to $35,000 for a live falcon. 


a yellow wagtail hopping in the sand outside. My 
reaction was emotional: Here was a tiny, confid- 
ing, warm-blooded, beautifully plumaged animal 
that had just flown several hundred miles across 
the desert. The reaction of the hunter next to me 
was to grab an air rifle and take a shot. For him, 
when the wagtail fluttered off unharmed, it was 
as if a fish had got away. For me it was a rare mo- 
ment of relief. 

The six Bedouin, barely out of their teens, 
were camped in a sparse grove of acacias, sur- 
rounded in all directions by sand roasting in 
September sun. They patrolled the grove with 
a shotgun and air rifles, stopping to flush birds 
from the acacias by clapping their hands and 
kicking sand. The grove was a magnet for south- 
bound migrants, and every bird that flew in, 


regardless of its size or species or conservation 
status, was killed and eaten. For the young men, 
songbird hunting was a relief from boredom, an 
excuse to hang out as a group and do guy things. 
They also had a generator, a computer loaded 
with B movies, an SLR camera, night-vision 
goggles, and a Kalashnikov to fire for fun—they 
were all from well-to-do families. 

Their morning's catch, strung on a wire like 
a large bunch of fish, included turtledoves, 
golden orioles, and tiny warblers. There's not 
much meat on a warbler, or even on an oriole, 
but to prepare for their long autumnal journey 
the migrants build up stores of fat, which could 
be seen in yellow lobes on their bellies when the 
hunters plucked them. Served with spiced rice, 
they made a rich lunch. Although orioles are 
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A dead garganey floats among lifelike decoys that lured it within shooting range. 
Few citizens had guns until the national armories were ransacked in 1997. Now 


Albania is awash in firearms, and the coast has become lethal for migrating birds. 


reputed in the Middle East to be good for male 
potency (they're “natural Viagra,’ I was told), I 
had no use for Viagra and helped myself only 
to a turtledove. 

After lunch a hunter came into the tent with 
the yellow wagtail that Id seen hopping on the 
sand. It looked even smaller dead than it had 
alive. “Poor thing,” another hunter said, to gen- 
eral laughter. He was joking for a Westerner. 

Because Egyptian desert travel is now by truck, 
rather than camel, practically every decent- 
size tree or bush, no matter how isolated, can be 
visited by hunters during the peak fall season. 
In some areas golden orioles are a cash crop, 
sold to middlemen for freezing and resale in 
the Persian Gulf states. The Bedouin, however, 
mostly eat what they catch or give it away to 
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friends and neighbors. At prime sites, such as 
the Al Maghrah oasis, where hunters congregate 
by the dozens, a single hunter can kill more than 
50 orioles in one day. 

I visited Al Maghrah late in the season, but 
the oriole decoys (consisting typically of a dead 
male on a stick) were still attracting good num- 
bers, and the hunters rarely missed with their 
shotguns. Given how many hunters there were, 
it seemed quite possible that 5,000 orioles were 
being taken annually at this one location. And 
given that there are scores of other desert hunt- 
ing sites, and that the bird is a prized quarry 
along the Egyptian coast as well, the losses in 
Egypt represent a significant fraction of the 
species European population of two or three 
million breeding pairs. Enjoyment of a colorful 


Garganeys migrate through Albania, where populations 
are collapsing. The government has extended the hunting 


season so hunters wont have to settle for fewer kills. 


species with a vast summer and winter range is 
thus being monopolized, every September, by a 
relatively tiny number of well-fed leisure hunt- 
ers seeking natural Viagra. And while some of 
them may be using unlicensed weapons to kill 
orioles, the rest are breaking no Egyptian laws 
at all thereby. 

At the oasis I also met a shepherd too poor 
to own a shotgun. He and his ten-year-old son 
instead relied on four nets, hung over trees, and 
they were mostly catching smaller birds like 
flycatchers, shrikes, and warblers. The son was 
therefore excited when he managed to corner 
a male oriole, splendidly gold and black, in a 
net. He came running back to his father with 
it—“An oriole!” he shouted proudly—and cut its 
throat with a knife. Moments later a female oriole 
flashed close to us, and I wondered if it might 
be the dead males distraught mate. The shep- 
herd boy chased it toward a netted palm tree, but 
the bird avoided the tree at the last second and 
headed into the open desert, flying southward. 


ost of the Bedouin I spoke to told me 

that they won't kill resident species, 

such as hoopoes and laughing doves. 

Like other Mediterranean hunters, however, 
they consider all migratory species fair game; 
as the Albanians like to say, “They're not our 
birds.” While every Egyptian hunter I met ad- 
mitted that the number of migrants has been 
declining in recent years, only a few allowed that 
overharvesting might be a factor. Some hunt- 
ers blame climate change; an especially popular 
theory is that the increasing number of electric 
lights at the coast is frightening the birds away. 
(In fact, lights are more likely to attract them.) 
Environmental advocacy and education in 
Egypt are mostly confined to a few small non- 
governmental organizations, such as Nature 
Conservation Egypt (which provided assistance 
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with this story). European bird-advocacy groups 
expend significant money and manpower on 
Malta and in other European hot spots for mi- 
gratory bird killing, but the problem in Egypt, 
which is more severe than anywhere in Europe, 
is largely overlooked. ‘This represents, perhaps, 
the inverse of Theyre not our birds: Theyre not 
our hunters. But the political and cultural divide 
between the West and the Middle East is also 
daunting. The basic message of environmen- 
tal “education” is, unavoidably, that Egyptians 
should stop doing what they've always done; 
and the concerns of a bird-smitten nation like 
England, whose colonization of Egypt is in any 
case still resented, seem as absurd and meddling 
as a Royal Society for the Protection of Catfish 
would seem to rural Mississippians. 

Most Egyptian coastal towns have bird mar- 
kets where a quail can be bought for two dollars, 
a turtledove for five, an oriole for three, and 
small birds for pennies. Outside one of these 
towns, El Daba, I toured the farm of a white- 
bearded man with a bird-trapping operation so 
large that, even after the families of his six sons 
had eaten their fill, he had a surplus to bring to 
market. Enormous nets were draped over eight 
tall tamarisk trees and many smaller bushes, en- 
circling a grove of figs and olives; the nets were 
an inexpensive modern product, available in El 
Daba for only the past seven years. The sun was 
very hot, and migrant songbirds were arriving 
from the nearby coastline, seeking shelter. Re- 
pelled by the net on one tree, they simply flew 
to the next tree, until they found themselves 
caught. The farmer's grandsons ran inside the 
nets and grabbed them, and one of his sons tore 
off their flight feathers and dropped them in a 
plastic grain sack. In 20 minutes I saw a red- 
backed shrike, a collared flycatcher, a spotted 
flycatcher, a male golden oriole, a chiffchaff, a 
blackcap, two wood warblers, two cisticolas, 
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After prying this blackcap from a 
lime stick, the songbird’s rescuer uses 
his saliva to remove sticky plum tree 
sap from its feathers and feet so that 
it can safely fly when released. 












BLACKCAP 
Sylvia atricapilla 


and many unidentified birds disappear into the 
sack. By the time we paused in the shade, amid 
the discarded heads and feathers of cuckoos and 
hoopoes and a sparrow hawk, the sack was bulg- 
ing, the oriole crying out inside it. 

Based on the farmer's estimates of his daily 
take, I calculated that every year between August 
25 and September 25, his operation removes 600 
orioles, 250 turtledoves, 200 hoopoes, and 4,500 
smaller birds from the air. The supplemental 
income is surely welcome, but the farm would 
clearly have thrived without it; the furnishings 
in the family’s spacious guest parlor, where I 
was treated with great Bedouin hospitality, were 
brand-new and of high quality. 

Everywhere I went along the coast, from 
Marsa Matruh to Ras el Barr, I saw nets like the 
farmer’s. Even more impressive were the mist 
nets used for catching quail: ultrafine nylon net- 
ting, all but invisible to birds, that is strung on 
poles and reaches from ground level to 11 or 
more feet off the ground. The mist nets, too, are 
a recent innovation, having been introduced in 
Sinai about 15 years ago and spread westward 
until they now cover the entire Egyptian Medi- 
terranean coast. In north Sinai alone, mist nets 
stretch for 50 miles. Along the coastal highway 
west of Sinai, the nets run to the horizon and 
pass straight through tourist towns, in front of 
hotels and condominiums. 

Much of Egypt’ coast is, on paper, protected. 
But the coastal preserves protect birds only to 
the extent of requiring permits to erect nets 
for catching them. These permits are cheap 
and freely granted; official restrictions on the 
height and spacing of the nets are honored in 
the breach. ‘The owners of the nets go out before 
dawn and wait for quail, arriving from across the 
sea, to come zinging over the beach and enmesh 
themselves. On a good day, a third of a mile of 
nets can yield 50 quail or more. My very low-end 
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In recent decades some Eurasian blackcaps have 
taken to migrating north to the British Isles in winter 


to take advantage of well-stocked bird feeders. 


estimate, based on figures from a bad year, is 
that 100,000 quail are taken annually in Egypt's 
coastal mist nets alone. 

Even as quail are becoming very difficult to 
find in much of Europe, the take in Egypt is in- 
creasing, due to the burgeoning use of playback 
technology. The best system, Bird Sound, whose 
digital chip holds high-quality recordings of a 
hundred different bird sounds, is illegal to use 
for hunting purposes in the EU but is neverthe- 
less sold in stores with no questions asked. In 
Alexandria, I spoke with a sport hunter, Wael 
Karawia, who claimed to have introduced Bird 
Sound to Egypt in 2009. Karawia said he now 
feels “very bad, very regretful” about it. Nor- 
mally, perhaps three-quarters of incoming quail 
fly over the mist nets, but hunters using Bird 
Sound can attract the higher flying ones as well; 
already all the mist netters in north Sinai are 
doing it, some of them in spring as well as fall. 
Hunters on Egypt's large lakes have also begun 
to use Bird Sound to capture entire flocks of 
ducks at night. 

“Tt will start to affect the birds, it has to;’ Karawia 
told me. “The problem is the mentality—people 
want to fish anything and hunt anything, with 
no rules. We already had a lot of guns before the 
revolution, and since then theres been a 40 per- 
cent increase. The people who don’t have money 
make their own guns, which is very dangerous— 
it could get them three years in jail—but they 
don't care. Even the kids are doing it. School 
starts in September, but the kids don‘ start until 
the hunting season ends.” 

On the beach in the tourist town of Baltim, 
[ had an encounter with some of these kids. 
Quail are the only permissible target of mist net- 
ters, but there is always a bycatch of small birds 
and even of the falcons that prey on them. At 
sundown in Baltim, walking with a guide from 
Nature Conservation Egypt and an official from 
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Two forest rangers, members of a special police unit devoted to poaching, question 
a couple after they saw the man, at far right, carrying a shotgun near an illegal net 


in Brescia. Last fall the police caught 43 people in one antipoaching operation. 


the local protected area, I noticed a beautiful and 
tiny shorebird, a little ringed plover, caught in a 
net in the shadow of condominiums. My guide, 
Wael Shohdi, began to extricate it delicately but 
stopped when a young man came running up, 
carrying a mesh bag and trailed by two teenage 
friends. “Dont touch the bird,’ he shouted angrily. 
“Those are our nets!” 

“It's OK,” Shohdi assured him. “We handle 
birds all the time.” 

A tussle ensued as the young hunter tried to 
show Shohdi how to yank the bird out without 
damaging the net. Shohdi, whose priority was 
the safety of the bird, somehow managed to free 
the plover in one piece. But the hunter then de- 
manded that Shohdi hand it over. 

The government official, Hani Mansour 


Bishara, pointed out that, along with two live 
quail, the hunter had a live songbird in his bag. 

“No, that’s a quail,” the hunter said. 

“No, its not.’ 

“OK, it’s a wheatear. But I’m 20 years old and 
were living from this net.’ 

Not being an Arab speaker, I learned only af- 
terward what they were saying. What I could see 
in the moment was Shohdi continuing to hold 
the plover in his hand while the hunter reached 
for it angrily, trying to grab it away. We were in 
a country where millions of birds were being 
killed, but I couldnt help worrying about this in- 
dividual plover’s fate. I urged Shohdi to remind 
the hunter that it was illegal to keep anything 
but quail from the nets. 

Shohdi did this, but the law was apparently 
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Confiscated from a poacher in Brescia, this robin will be released to fly away into 
an uncertain world, where habitat is threatened and predators and poachers await. 


The survival of songbirds depends in part upon eliminating illegal hunting. 


not a good argument to use on angry 20-year- 
olds. Instead, with a view to changing hearts and 
minds, Shohdi and Bishara made the case that 
the little ringed plover is an important species, 
found only on mudflats, and that, moreover, it 
might be carrying a dangerous disease. (“We 
were lying a little bit,’ Shohdi told me later.) 

“So which is it?” the hunter demanded. “A 
diseased bird or an important species?” 

“Both!” Shohdi and Bishara said. 

“Tf it’s true about the disease,’ one of the teen- 
agers said, “we all would have been dead years 
ago. We eat everything from the nets. We never 
let anything go.” 

“You can still get the disease from cooked 
birds,’ Bishara improvised. 

My concern about the plover deepened when 
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Shohdi handed it over to the hunter, who (as I 
learned only subsequently) had sworn by Allah 
that he would release both it and the wheatear, 
just not while we were watching. 

“But the National Geographic needs to see that 
they really are released,’ Shohdi said. 

Becoming even angrier, the hunter took out 
the wheatear and flung it in the air, and then did 
the same with the plover. Both flew straight to 
some of their fellows, farther down the beach, 
without looking back. “T only did it,’ the hunter 
said defiantly, “because I’m a man of my word.” 
There wasnt much more than one large bite of 
meat on the two birds put together, but I could 
see, in the hunter's bitter expression, how much 
it cost him to let them go. He wanted to keep 
them even more than I wanted to see them freed. 


The European robin shares an orange breast with its 
American counterpart, but not much else. It weighs one-fifth 


as much and is classed in a different bird family. 





efore leaving Egypt, I spent some days 
B with Bedouin falcon trappers in the des- 

ert. Even by Bedouin standards, falcon 
trapping is a pursuit for men with a lot of time 
on their hands. Some have been doing it for 20 
years without catching either of the two prized 
species, saker falcons and peregrine falcons, 
that are prized by middlemen catering to ultra- 
wealthy Arab falconers. ‘The saker is so rare that 
not more than a dozen or two are captured in 
any given year, but the size of the jackpot (a 
good saker can fetch over $35,000, a peregrine 
over $15,000) entices hundreds of hunters into 
the desert for weeks at a time. 

Falcon trapping requires the cruel use of 
many smaller birds. Pigeons are tied to stakes 
in the sand and left in the sun to attract rap- 
tors; doves and quail are outfitted with harnesses 
bristling with small nylon nooses in which sa- 
kers and peregrines can get their feet stuck; and 
smaller falcons, such as lanners or kestrels, have 
their eyelids sewn shut and a weighted, noose- 
laden decoy attached to one leg. Hunters drive 
around the desert in their Toyota pickups, visit- 
ing the staked pigeons and stopping to hurl the 
disabled kestrels into the air like footballs, in 
the hope of attracting a saker or a peregrine—a 
blinded, weighted kestrel can't fly far. The hunt- 
ers also often tether an unblinded falcon to the 
hood of their trucks and keep an eye on it while 
they speed through the sand. When the falcon 
looks up, it means that a larger raptor is over- 
head, and the hunters leap out to deploy their 
various decoys. The same routine is followed 
every afternoon, week after week. 

One of the two most heartening things I 
witnessed in Egypt was the rapt attention that 
falcon hunters gave to my paperback field 
guide, Birds of Europe. They invariably clustered 
around it and turned its pages slowly, back to 
front, studying the illustrations of birds theyd 






EUROPEAN ROBIN 
Frithacus rubecula 


seen and birds they hadnt. One afternoon, while 
watching some of them do this, in a tent where 
I was offered strong tea and a very late lunch, I 
was stabbed with the crazy hope that the Bed- 
ouin were all, without yet realizing it, passionate 
bird-watchers. 

Before we humans could be served lunch, one 
of the hunters tried to feed headless warblers 
to the blinded kestrel and the blinded sparrow 
hawk that were in the tent with us. The kestrel 
ate readily, but no amount of pushing the meat 
into the sparrow hawk's face would induce it to 
eat. Instead, it busied itself with pecking at the 
twine that bound its leg—futilely, it seemed to 
me, at least until after lunch, when I was out- 
side the tent and letting the hunters try out 
my binoculars. All of a sudden a shout went 
up. I turned and saw the sparrow hawk wing- 
ing purposefully away from the tent and into 
the desert. 

The hunters immediately gave chase in their 
trucks, in part because the bird was valuable to 
them but also in part—and this was the other 
heartening thing I witnessed—because a blinded 
bird couldnt survive on its own, and they felt 
bad for it. (At the end of the falcon season, hunt- 
ers unsuture the eyelids of their decoy falcons 
and release them, if only because it’s a bother to 
feed the birds year-round.) The hunters drove 
farther and farther into the desert, worrying 
about the sparrow hawk, hoping to spot it, but 
I personally had mixed feelings. I knew that if 
it got away, and if no other group of hunters 
happened upon it, it would soon be dead; but 
in its yearning to escape captivity, even blinded, 
even at the cost of certain death, it seemed to 
embody the essence of wild birds and why they 
matter. Twenty minutes later, when the last of 
the hunters returned to the tent empty-handed, 
my thought was: At least this bird had a chance 
to die free. O 
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ADDS A MYSTERIOUS NEW 
MEMBER TO THE HUMAN FAMILY. 














THE TOOTH 

Two molars, including 
this one, and a chip 
from a pinkie bone are 
the only fossil evidence 
$0 far of the enigmatic 
people known as the 
Denisovans. 













THE THEORY 
The Denisovans’ closest 


All three fossils were 
cousins were Neander- 
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lived there tens of 
thousands of years ago. 
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THE DNA 

Genetic material from 
ancient bone, like that in 
the vial above, can reveal 
much about the history 
of an ancient population, 
even when few fossils 
exist—as in the case of 
the Denisovans. 


THE EXPERT 

Svante Paabo led the 
team that studied the 
Denisovans’ DNA. His 
ultimate quarry, he says, 
is not them but us: He 
wants to understand the 
genetic changes that 
made humans modern. 





BY JAMIE SHREEVE - PHOTOGRAPHS BY ROBERT CLARK 


n the Altay Mountains of southern Siberia, some 200 miles from where 


Russia touches Mongolia, China, and Kazakhstan, nestled under a rock 


m@@ face about 30 yards above a little river called the Anuy, there is a cave 


called Denisova. It has long attracted visitors. The name comes from that 


of a hermit, Denis, who is said to have lived there in the 18th century. 


Long before that, Neolithic and later Turkic pas- 
toralists took shelter in the cave, gathering their 
herds around them to ride out the Siberian win- 
ters. Thanks to them, the archaeologists who 
work in Denisova today, surrounded by walls 
spattered with recent grafhti, had to dig through 
deep layers of goat dung to get to the deposits 
that interested them. But the caves main cham- 
ber has a high, arched ceiling with a hole near 
the top that directs shimmering shafts of sun- 
light into the interior, so that the space feels holly, 
like a church. 

In the back of the cave is a small side cham- 
ber, and it was there that a young Russian ar- 
chaeologist named Alexander Tsybankov was 
digging one day in July 2008, in deposits be- 
lieved to be 30,000 to 50,000 years old, when he 
came upon a tiny piece of bone. It was hardly 
promising: a rough nubbin about the size and 
shape of a pebble you might shake out of your 
shoe. Later, after news of the place had spread, a 
paleoanthropologist I met at Denisova described 
the bone to me as the “most unspectacular [fossil 
I've ever seen. It's practically depressing.” Still, it 
was a bone. Tsybankov bagged it and put it in his 
pocket to show a paleontologist back at camp. 

The bone preserved just enough anatomy for 
the paleontologist to identify it as a chip from 
a primate fingertip—specifically the part that 
faces the last joint in the pinkie. Since there is 
no evidence for primates other than humans in 


Siberia 30,000 to 50,000 years ago—no apes or 
monkeys—the fossil was presumably from some 
kind of human. Judging by the incompletely 
fused joint surface, the human in question had 
died young, perhaps as young as eight years old. 

Anatoly Derevianko, leader of the Altay exca- 


vations and director of the Institute of Archaeol- 


ogy and Ethnography in Novosibirsk, thought 
the bone might belong to a member of our own 
species, Homo sapiens, Sophisticated artifacts 
that could only be the work of modern humans, 
including a beautiful bracelet of polished green 
stone, had previously been found in the same 
deposits. But DNA from a fossil found earlier 
in a nearby cave had proved to be Neanderthal, 
so it was possible this bone was Neanderthal 
as well. 

Derevianko decided to cut the bone in two. 
He sent one half to a genetics laboratory in Cali- 
fornia: so far he has not heard from that half 
again. He slipped the other half into an envelope 
and had it hand-delivered to Svante Paabo, an 
evolutionary geneticist at the Max Planck Insti- 
tute for Evolutionary Anthropology in Leipzig, 
Germany. It was there that the case of the Deni- 
sovan pinkie bone took a startling turn. 

Paabo, a transplanted Swede, is arguably the 
worlds leading expert in ancient DNA, especially 
human DNA. His milestones are many. In 1984 
he became the first person to isolate DNA from 
an Egyptian mummy, In 1997 he accomplished 
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THE BRACELET WAS MODERN HUMAN. THE TOE WAS 


the same feat for the first time with a Neander- 
thal, a kind of human that vanished more than 
25,000 years before the Egyptian pharaohs. ‘That 
secured his scientific reputation. 

When Paabo received the package from Dere- 
vianko, his team was hard at work producing 
the first sequence of the entire Neanderthal 
genome—another feat that had once seemed 
impossible and that was occupying most of his 
attention. His lab also had a backlog of other fos- 
sils to test from all parts of the globe. So it wasn't 
until late 2009 that the little Russian finger bone 
drew the attention of Johannes Krause, at the 
time a senior member of Paabos team. (He's now 
at the University of Tubingen.) Like everyone 
else, Krause assumed the bone was from an early 
modern human. He had developed a method for 
distinguishing the DNA of such a fossil from 
that of the archaeologists, museum workers, 
and anyone else who might have handled and 
therefore contaminated it. 

Krause and his student Qiaomei Fu extracted 
the finger bones mitochondrial DNA (mtDNA), 
a small bit of the genome that living cells have 
hundreds of copies of and that is therefore easier 
to find in ancient bone. They compared the DNA 
sequence with those of living humans and Nean- 
derthals. ‘Then they repeated the analysis, because 
they couldnt believe the results theyd gotten the 
first time around. 

On a Friday afternoon, with Paabo away at a 
meeting at Cold Spring Harbor Laboratory on 
Long Island, Krause called a meeting of the lab 
staff and challenged anyone to come up with 
a different explanation for what he was seeing. 
No one could. Then he dialed Paabos cell. “Jo- 
hannes asked me if I was sitting down, Paabo 
remembers. “I said I wasn't, and he replied that 
[ had better find a chair.” 

Krause himself recalls that Friday as “scien- 
tifically the most exciting day of my life.” The 
tiny chip of a finger bone, it seemed, was not 
from a modern human at all. But it wasn’t from 


Jamie Shreeve, executive editor for science, has 
written two books on human origins. This is Robert 
Clark's 31st story for National Geographic. 
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a Neanderthal either. It belonged to a new kind 
of human being, never before seen. 


N JULY 2011, three years after Tsybankov un- 

earthed the bone chip, Anatoly Derevianko 

organized a scientific symposium at the 

archaeological camp a few hundred yards 
from Denisova cave. At an opening night dinner 
punctuated with frequent toasts of vodka, Dere- 
vianko welcomed the 50 researchers, including 
Paabo, who had come to see the cave and share 
their views on how the mysterious new human 
fit into the fossil and archaeological record for 
human evolution in Asia. 

The year before, two other fossils had been 
found to contain DNA similar to that of the fin- 
ger bone, both of them molars. The first tooth 
had turned up among the specimens from De- 
nisova housed at Derevianko’s institute in No- 
vosibirsk. It was bigger than either a modern 
human or a Neanderthal tooth, in size and shape 
resembling the teeth of much more primitive 
members of the genus Homo who lived in Af- 
rica millions of years ago. The second molar had 
been found in 2010 in the same cave chamber 
that had yielded the finger bone—indeed, near 
the bottom of the same 30,000-to-50,000-year- 
old deposits, called Layer 11. 

Remarkably, that tooth was even bigger than 
the first, with a chewing surface twice that of a 
typical human molar. It was so large that Max 
Planck paleoanthropologist Bence Viola mistook 
it for a cave bear tooth. Only when its DNA was 
tested was it confirmed to be huaman—specifical- 
ly, Denisovan, as the scientists had taken to call- 
ing the new ancestors. “It shows you how weird 
these guys are, Viola told me at the symposium. 
“At least their teeth are just very strange.’ 

Paabos team could extract only a tiny amount 
of DNA from the teeth—just enough to prove 
they came from the same population as the fin- 
ger, though not from the same individual. But 
the finger bone had been spectacularly generous. 

DNA degrades over time, so usually very little 
remains in a bone tens of thousands of years old. 
Moreover, the DNA from the bone itself—called 
endogenous DNA—is typically just a tiny fraction 


of the total DNA in a specimen, most of which 
comes from soil bacteria and other contaminants. 
None of the Neanderthal fossils Paabo and his 
colleagues had ever tested contained even 5 per- 
cent endogenous DNA, and most had less than 
one percent. To their amazement, the DNA in the 
finger bone was some 70 percent endogenous. 
Apparently, the cold cave had preserved it well. 

Given so much DNA, the scientists easily 
ascertained that there was no sign of a male Y 
chromosome in the specimen. The fingertip had 
belonged to a little girl who had died in or near 
Denisova cave tens of thousands of years be- 
fore. The scientists had no idea, at first, what she 
looked like—just that she was radically different 
from anything else they had ever seen. 

For a while they thought they might have her 
toe too. In the summer of 2010 a human toe 
bone had emerged, along with the enormous 
tooth, from Layer 11. In Leipzig a graduate stu- 
dent named Susanna Sawyer analyzed its DNA. 
At the symposium in 2011 she presented her 
results for the first time. To everyone's shock, 
the toe bone had turned out to be Neanderthal, 
deepening the mystery of the place. 

The green stone bracelet found earlier in Lay- 
er 11 had almost surely been made by modern 
humans. ‘The toe bone was Neanderthal. And 
the finger bone was something else entirely. One 
cave, three kinds of human being. “Denisova is 
magical,’ said Paabo. “It's the one spot on Earth 
that we know of where Neanderthals, Deniso- 
vans, and modern humans all lived.’ All week, 
during breaks in the conference, he kept return- 
ing alone to the cave. It was as if he thought 
he might find clues by standing where the little 
girl may have stood and touching the cool stone 
walls she too may have touched. 


AABO GREW UP in Stockholm with his 
single mother, a chemist, and on cer- 
tain days with his father, a biochem- 
ist named Sune Bergstrom, who had 
another, legitimate family and would later win 
a Nobel Prize. Paabo'’s own first passion was 
Egyptology, but he switched to molecular biol- 
ogy, then fused the two interests in 1984 with his 





NEANDERTHAL. THE PINKIE WAS SOMETHING ELSE. 


work on mummy DNA. Once anchored in the 
study of the past, he never let go. He is 58 now, 
tall and lanky, with large ears, a long, narrow 
head, and pronounced eyebrows that arch up 
and down animatedly when he's excited—about 
Denisova, for instance. 

How had all three kinds of human ended up 
there? How were Neanderthals and Denisovans 
related to each other and to the sole kind of hu- 
man that inhabits the planet today? Did their 
ancestors have sex with ours? Paabo had a his- 
tory with that kind of question. 

The Neanderthal DNA he had made headlines 
with in 1997 was utterly different from that of 
any person now alive on Earth. It seemed to 
suggest that Neanderthals had been a separate 
species from us that had gone extinct—suspi- 
ciously soon after our ancestors first migrated 
out of Africa into the Neanderthals’ range in 
western Asia and Europe. But that DNA, like 
Krause's first extract from the Denisovan finger, 
was mtDNA: It came from the mitochondria, the 
energy-producing organelles inside the cell, and 
not from the cell nucleus, where the vast bulk 
of our genome resides. Mitochondrial DNA in- 
cludes only 37 genes, and it’s inherited only from 
the mother. It’s a limited record of a population's 
history, like a single page torn from a book. 

By the time of the Denisova symposium, 
Paabo and his colleagues had published first 
drafts of the entire Neanderthal and Deniso- 
van genomes. Reading so many more pages al- 
lowed Paabo and his colleagues, including David 
Reich at Harvard University and Montgomery 
Slatkin at the University of California, Berkeley, 
to discover that human genomes today actually 
contain a small but significant amount of Nean- 
derthal code—on average about 2.5 percent. The 
Neanderthals still may have been swept into ex- 
tinction by the strange, high-browed new people 
who followed them out of Africa, but not before 
some commingling that left a little Neanderthal 
in most of us, 50,000 years later. Only one group 
of modern humans escaped that influence: Afri- 
cans, because the commingling happened out- 
side that continent. 

Although the Denisovans’ genome showed 
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A TALE OF THREE HUMANS 


A third kind of human, called Denisovans, seems to have coex- 
isted in Asia with Neanderthals and early modern humans. The 
latter two are known from abundant fossils and artifacts. Deniso- 
vans are defined so far only by the DNA from one bone chip and 
two teeth—but it reveals a new twist to the human story. 
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THE JOURNEY 


500,000-250,000 years ago After the common 100,000-60,000 years ago The Neanderthals’ 
ancestor of Neanderthals and Denisovans range expanded east to overlap with the 
left Africa, the population split. Neanderthals Denisovans’;; evidence of both kinds of human 
spread into Europe, Denisovans into Asia. has been found in Denisova cave in Siberia. 
Denisova 
cave 
—j. | 
*™ Common ancestor of Be Neanderthals Denisovans oe Modern humans 


Neanderthals and Denisovans 


Encounter in Southeast Asia 

No skulls or tools have been found to reveal 

what the Denisovans looked or acted like. No 

one knows what happened when modern humans 
who had migrated from Africa first set eyes on 
them. What's certain, from genetic evidence, 

is that such encounters produced offspring. 


70,000-40,000 years ago After migrating 
out of Africa, modern humans met Nean- 
derthals in the Middle East and later the 
Denisovans in Southeast Asia. 
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THE LEGACY 

Today traces of Neanderthal DNA in all non- 

Africans and of Denisovan DNA in Aboriginal 
Australasians show that our ancestors mated 
with both kinds of vanished human. 
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WHY HAD THEY LEFT NO CLEAR ARCHAEOLOGICAL 


that they were more closely related to the Nean- 
derthals, they too had left their mark on us. But 
the geographic pattern of that legacy was odd. 
When the researchers compared the Denisovan 
genome with those of various modern human 
populations, they found no trace of it in Russia or 
nearby China, or anywhere else, for that matter— 
except in the genomes of New Guineans, other 
people from islands in Melanesia, and Australian 
Aborigines. On average their genomes are about 
5 percent Denisovan. Negritos in the Philippines 
have as much as 2.5 percent. 

Putting all the data together, Paabo and his 
colleagues came up with a scenario to explain 
what might have occurred. Sometime before 
500,000 years ago, probably in Africa, the an- 
cestors of modern humans split off from the lin- 
eage that would give rise to Neanderthals and 
Denisovans. (The most likely progenitor of all 
three types was a species called Homo heidel- 
bergensis.) While our ancestors stayed in Africa, 
the common ancestor of Neanderthals and De- 
nisovans migrated out. Those two lineages later 
diverged, with the Neanderthals initially moving 
west into Europe and the Denisovans spreading 
east, perhaps eventually populating large parts 
of the Asian continent. 

Later still, when modern humans ventured 
out of Africa themselves, they encountered Ne- 
anderthals in the Middle East and Central Asia, 
and to a limited extent interbred with them. Ac- 
cording to evidence presented by David Reich 
at the Denisova symposium, this mixing most 
likely occurred between 67,000 and 46,000 
years ago. One population of modern humans 
then continued east into Southeast Asia, where, 
sometime around 40,000 years ago, they en- 
countered Denisovans. The moderns interbred 
with them as well and then moved into Austral- 
asia, carrying Denisovan DNA. 

This scenario might explain why the only 
evidence so far that the Denisovans even ex- 
isted is three fossils from a cave in Siberia and a 
5 percent stake in the genomes of people living 
today thousands of miles to the southeast. But 
it left a lot of questions unanswered. If the Deni- 
sovans were so widespread, why was there no 
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trace of them in the genomes of Han Chinese 
or of any other Asian people between Siberia 
and Melanesia? Why had they left no mark in 
the archaeological record—no distinctive tools, 
say? Who were they really? What did they look 
like? “Clearly we need much more work, Paabo 
acknowledged at the Denisova symposium. 
The best of all possible developments would 
be to find Denisovan DNA in a skull or other 
fossil with distinctive morphological features, 
one that could serve as a Rosetta stone for re- 
examining the whole fossil record of Asia. There 
are some intriguing candidates, most from Chi- 
na, and three skulls in particular, dated between 
250,000 and 100,000 years ago. Paabo is working 
closely with scientists at the Institute of Verte- 
brate Paleontology and Paleoanthropology in 
Beijing and has set up a DNA testing lab there. 
Unfortunately DNA does not preserve well in 
warmer climates. To date, no other fossil has 
been identified as Denisovan by the only way 
Denisovans can be known: their DNA. 


N 2012 PAABO'S GROUP published a new 
version of the finger bone’s genome— 
astonishingly, one that in accuracy and com- 
pleteness rivals any living human’s genome 
that has been sequenced. The breakthrough 
came from a German postdoc in Paaboss lab 
named Matthias Meyer. DNA consists of two 
interlocking strands—the familiar double helix. 
Previous methods for retrieving DNA from fos- 
sil bone could read out sequences only when 
both strands were preserved. Meyer had devel- 
oped a technique for recovering short, single- 
stranded fragments of DNA as well, greatly in- 
creasing the amount of raw material to work 
with. The method produced a version of the 
Denisovan girl's genome so precise that the team 
could discriminate between genetic information 
inherited from her mother and that from her 
father. In effect, they now had two highly accu- 
rate Denisovan genomes, one from each parent. 
These in turn opened a window on the entire 
history of their population. 
One immediate revelation was how little vari- 
ation there was between the parents’ genomes— 





THE BONE A replica shows the size and position— 
on Paabo's pinkie—of the bone chip that allowed his 
lab to discover the Denisovans through their DNA. 
The chip belonged to an eight-year-old girl. 


about a third as much as there is between 
any two living humans. The differences were 
sprinkled across the genomes, which ruled 
out inbreeding: If the girl's parents had simply 
been closely related, they would have had huge 
chunks of exactly matched DNA. ‘The pattern 
indicated instead that the Denisovan popula- 
tion represented by the fossil had never been 
large enough to have developed much genetic 
diversity. Worse, it seemed to have suffered a 
drastic decline sometime before 125,000 years 
ago—the little girl in the cave may have been 
among the last of her kind. 

Meanwhile the ancestral population of mod- 
ern humans was expanding. Myriad fossils, 
libraries full of books, and the DNA of seven 
billion people are available to document our 
subsequent population history. Paabo’s team 


RECORD? WHO WERE THE DENISOVANS REALLY? 


discovered a completely different one inside a 
single bone chip. The thought tickles him. “It's 
incredibly cool that there is no one walking 
around today with a population history like 
that,’ Paabo told me, his eyebrows shooting up. 

And yet the Denisovans also have something 
to say about our own kind. With virtually every 
letter of the Denisovan genetic code in hand, 
Paabo and his colleagues were able to take aim 
at one of the profoundest mysteries: In our own 
genomes, what is it that makes us us? What de- 
fining changes in the genetic code took place 
after we separated from our most recent an- 
cestor? Looking at the places where all living 
humans share a novel genetic signature but the 
Denisovan genome retains a primitive, more 
apelike pattern, the researchers came up with 
a surprisingly short list. Padabo has called it 
the “genetic recipe for being a modern human.” 
The list includes just 25 changes that would alter 
the function of a particular protein. 

Intriguingly, five of these proteins are known 
to affect brain function and development of the 
nervous system. Among them are two genes 
where mutations have been implicated in au- 
tism and another that’s involved in language 
and speech. Just what those genes actually do to 
make us think, act, or talk differently than Deni- 
sovans, or any other creature that has walked the 
Earth, remains to be seen. The lasting contribu- 
tion of studying Denisovan DNA, Paabo says, 
“will be in finding what is exclusively human.” 

But what of the little girl herself? The tiny 
bit of bone that is all we ever had of her—or at 
least the half that went to Leipzig—is gone now. 
In pulling DNA from it, Johannes Krause and 
Qiaomei Fu eventually used it all up. The little 
girl has been reduced to a “library” of DNA frag- 
ments that can be exactly copied again and again 
forever. In the scientific paper discussing the his- 
tory of her population, Paabo and his colleagues 
did mention, almost in passing, a few facts about 
her that they had gleaned from that library: She 
probably had dark hair, dark eyes, and dark skin. 
It isnt much, but at least it sketches in broad 
strokes what she looked like. Just so we know 
whom to thank. O 
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SHARED LEGACY 

All species are unique, 

yet all have many genes in 
common. The percentage of 
genes we share with various QVOWX, 
other species is a clear | | | 
indicator of our common 
origin and helps us estimate 
how long ago—or how 
recently—our paths diverged. 
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A HUMAN and a grain of rice may not, at first glance, 










look like cousins. And yet we share a quarter of our 
genes with that fine plant. The genes we share with 
rice—or rhinos or reef coral—are among the most 


striking signs of our common heritage. All animals, 





plants, and fungi share an ancestor that lived about 


1.6 billion years ago. Every lineage that descended 54% 
| - : = at or Starlet sea 
from that progenitor retains parts of Its original isaac 
enome, embodying one of evolution’s key principles: vematosiee 
g | YING ue P vectensis) 


If it's not broke, don't fix it. Since evolution has 
conserved so many genes, exploring the genomes of POM 
other species can shed light on genes involved in 
human biology and disease. Even yeast has some- 
thing to tell us about ourselves. 

Of course, we aren't really much like yeast at all. 
The genes we still share we use differently, in the same 
way you can use a Clarinet to play the music of Mozart 
or Benny Goodman, And our catalogs of genes 


themselves have changed. Genes can disappear, and 
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new ones can arise from mutations in DNA that 
previously served some other function or no function at 
all. Other novel genes have been delivered into our 


genomes by invading viruses. It's hardly surprising that DIN PUDDIM 


we share many more genes with chimpanzees than 





with yeast, because we've shared most of our 


evolutionary journey with those apes. And in the small Chimpanzee 


(Pan troglodytes) 


portion of our genes with no counterpart in chimpan- (Mus musculus) 


zees, we may be able to find additional clues to what 


makes us uniquely human. —Car! Zimmer 
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By Michael Finkel Photograph by Marco Grob 


What DANIEL KISH does, astonishingly, elegantly, makes you wonder how much 
untapped potential lies within the human body. Kish was born with retinal cancer, and 
to save nis life, both eyes were removed by the time he was 13 months old. He soon 
Started making a clicking noise with his tongue. It seemed to help him get around. Now 
47, he navigates primarily using echolocation. Yes, like a bat. He’s so good, he can ride a 
bicycle in traffic. His group, World Access for the Blind, teaches others the art of the click. 
How does human echolocation work? 

sound waves are produced by every tongue click. These waves bounce off surfaces 

all around and return to my ears as faint echoes. My brain processes the echoes into 
dynamic images. It's like having a conversation with the environment. 

What do you see in your mind’s eye as you click? 

Each click is like a dim camera flash. | construct a three-dimensional image of my 
surroundings for hundreds of feet in every direction. Up close, | can detect a pole an inch 
thick. At 15 feet, | recognize cars and bushes. Houses come into focus at 150 feet. 


But you still use a long white cane. 
| have difficulty detecting small items at low level or places where the ground drops off. 


What is it like riding a bike using echolocation? 

It's thrilling but requires very focused and sustained concentration on the acoustics of 
the environment. | click as much as twice per second, way more than | usually do. 

Is it dangerous to explore the world this way? 

Much of the world lives in fear of threats fo life and limb that are largely imagined. Despite 
my insatiable habit of climbing anything and everything, | never broke a bone as a kid. 
How challenging is it to teach other blind people echolocation? 

World Access has taught nearly a thousand blind students in over 30 countries. Many 
students are surprised how quickly results come. | believe echolocation capacity is latent 
within us—early man may have used it when artificial lighting was nonexistent. The neural 
hardware seems to be there; I've developed ways to activate it. Vision isnt in the eyes: 


it’s In the mind. Our students say they've discovered a freedom they never imagined. 


Watch Marco Grob's video interview with Daniel Kish on our digital editions. 
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Farmers in 
Transylvania have 
created a landscape of 
flower-filled hay 
meadows. 

Can they endure? 





Every member of a Transylvanian family plays 
a part in the farming life. Eight-year-old Anuta, 
from Bogdan Voda in the north, helps with the 
cows and sheep. The whole Borca family (right), 

from Breb, puts finishing touches on one of the 

40 haystacks it makes each summer. 
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By Adam Nicolson 


Photographs by Rena Effendi 


You cant help but smile as you walk in early summer throuch the 
yy ) 8 


grass-growing valleys of Transylvania. They ooze a kind of sweet-smelling well- 


being, largely because these valleys in the Carpathian Mountains in the center 


of Romania contain one of the great treasures of the cultivated world: some 


of the richest and most botanically diverse hay meadows in Europe. 


You can find up to 50 different species of grass 
and flowers growing there in a single square yard 
of meadow, and even more within reach as you 
sit down among them. This flowery miracle is 
maintained not by nature but by nature worked 
with the human hand. The richness is there only 
because a meadow stays a meadow if it is mown 
every summer. Abandoned, it will be filled 
with scrub in three to five years. As it is, for the 
moment anyway, Transylvania is a world made 
beautiful by symbiosis. All day long the smell 
of the meadows gradually thickens, and as the 
sun drops, the honey-sharp smell of the butter- 
fly orchids, night scented, pollinated by moths, 
comes seeping out of the hillsides. 

Go for a walk, and you'll find the flowers 
crowding around your feet. Practically no chem- 
ical sprays and no artificial fertilizers—too ex- 
pensive and distrusted by these poor, small-scale 
farmers—mean the hillsides are purple with 
meadow salvia and pink with sainfoin. Globe- 
flowers, a sort of enlarged buttercup, stand in the 
damper patches like Japanese lanterns. The little 
burnt-orange hawkweeds called fox and cubs 
are interspersed with the sorrel and the orchids, 
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the campanulas and the yellow rattle. Hares ap- 
pear on the track in front of you. In places, the 
grasses have been roughly crushed and pushed 
aside—bears have been through here, looking 
for anthills to raid or fungi to plunder. 

But if you go with Attila Sarig—a powerful 
and articulate 30-year-old farmer from Gyimes 
in Transylvania—the experience deepens. Sarig, 
sometimes with a murmured “Aha, pauses now 
and then to pick the medicinal herbs that grow 
among the grasses: sorrel, snapdragon, gentian, 
marjoram, thyme, meadow salvia, all of which 
will hang and dry in his house or barn for winter 
infusions. “I know that I make this landscape by 
what I do,’ he says. 

The ethnoecologists Zsolt Molnar and Daniel 
Babai have found that among the people of 
Gyimes anyone over 20 years old can on aver- 
age recognize and name more than 120 species 
of plants. Even young children know 45 to 50 
percent of species. “It is because they still de- 
pend on biomass, Molnar says. “They need to 
know what it is that is feeding them. Among the 
people I've surveyed, 72 percent of the visible 
flora and 84 percent of the botanical cover is 
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The Borca family relaxes after a working day that started early. Gheorghe (white shirt) and Anuta Borca 
(also in white) were married in July 1995, bang in the middle of the grass-cutting season. The honeymoon had 
to be shortened. “We started making hay again one week after the wedding,’ Anuta says ruefully. This 
photograph was made in Maramures, the Romanian-speaking part of northern Transylvania. 
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Sixty-three-year-old Mihai Tiplea has the help of his neighbors in Feresti to turn 
and dry the hay in his field. Work is shared, but each patch of meadow is individually owned 
and its boundaries carefully marked. Hayforks, made of hazelwood, the tines often 
polished by years of use, are handed down as heirlooms. 
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More sheep used to graze in the highest mountain pastures, but an 
increasing number of flocks now occupy fields near the villages. Some shepherds say 
that sheep in the lowland meadows are less beautiful, perhaps because there's 
less rain than in the surrounding highlands to wash them off. 
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Anyone OVEF 20 years old can recognize and name more than 120 


known.’ It's a handmade world, largely unmecha- 
nized, too steep for reseeding, so people have 
come to know exactly what is there. Nowhere 
else, Molnar suggests, can people distinguish 
in their local vocabulary such a high number 
of separate habitats: shady, damp, steep, woody, 
mossy, and so on. “The average in the world is 
between 25 and 40,” he says. “The maximum any- 
one has found elsewhere is 100. Here in Gyimes 
it's at least 148.” 


THERE IS A POWERFUL CHAIN of connections at 
work here. In the summer the grass of the pas- 
tures feeds the one or two family cows. But in 
the six-month stretch from mid-November to 
mid-May, they must remain inside, where the 
hay provides their only sustenance. Only hay 
makes keeping cows a possibility, and only milk 
from cows makes human life viable here. People 
in Transylvania live on the nutrient transfer from 
meadow to plate. That is why, in these valleys, 
hay is the measure of all things. 

When Reka Simo, Attilas wife, who was 
brought up in Budapest in Hungary, first came to 
Gyimes, she could not believe how “people would 
only ever walk in single file through the mead- 
ows. It was as if, she says, “the meadows were 
holy ground. As though these Transylvanians 
were living in a world dedicated to St. Grass.” 

In a sense these Transylvanian farmers do live 
on the hay. Across the whole region, from Ro- 
manian-speaking Maramures in the north to the 
ethnically Hungarian provinces in the center of 
the country and to villages occupied by German- 
speaking Saxons, the scale of their operations 
In winter Adam Nicolsons 16 beef cattle eat 90 tons 
of hay, made on his farm in the south of England. 
Photographer Rena Effendi grew up in the U.S.S.R. 
and has focused her work on the post-Soviet world. 
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is essentially medieval. Millions of people in 
Romania work on farms, with the smallest herds, 
the lowest yields, some of the highest levels of 
self-sufficiency, and among the lowest incomes 
in Europe. The average farm is eight acres. More 
than 60 percent of the milk produced in the 
country comes from farmers with two or three 
cows, almost none of it leaving the farm where it 
was produced. The mathematics is both simple 
and tyrannical. One cow eats four or more tons 
of hay in winter. That amount of hay needs up 
to five acres of ground to grow and might take 
ten hot, hard days just to mow. If youre mowing 
alone and with a scythe, as still happens over 
large areas of the uplands, three cows mean a 
month of mowing. 

But that is only the start of it. Each piece of 
grass must be handled ten or more times. First 
it is mown; then the mown stems must be raked 
into small heaps that don’t absorb the dew; 
then spread again in the next day’s sun to dry; 
then turned in the sunshine to dry the underlay- 
ers; gathered into a haystack in the field; even- 
tually loaded onto a cart, a haystack on wheels, 
with the butterflies dancing up above the loaded 
hay; driven down the lanes to the homestead, 
where the horses are fed on the hay they have 
drawn there; unloaded at the barn into a deli- 
ciously rich-smelling heap like a dry, summer 
bouillabaisse; stacked high into the eaves of the 
barn—the chickens kicked out first so they aren't 
smothered under the arriving hay—where it 
gathers as a rustling green fabric (“it must sound 
right; unless it sounds right, it won't taste right”) 
in which the flowers retain their blues and yel- 
lows and reds; then, when the winter comes 
and the cows are brought in from the pastures, 
the hay for their daily bite must be cut from the 
dense body of the stack and finally fed to the 


animals beneath in their mangers. 


The milk of the cows in summer, when the 
grass in the pastures is rich, is made into soft 
cheeses, usually eaten at home or shared with the 
neighbors. Milk is also sold in the village or the 
nearby town. Or drunk at home. Young calves 
are given milk before being sold live or eaten, as 
the best possible meat. Very little butter is made 
nowadays. Instead, heart-threateningly delicious 
pig fat is eaten on bread. Occasionally, even the 
pigs are also fed on milk. By these various routes, 
the goodness of the grass makes its way into ev- 
ery corner of life. 


BUT HAVE NO DousBT: This is a world of no great 
riches. You can feel the hard work that keeps it 
going in the honed muscularity of every hand 
you shake, male or female. A farming family 
here can expect to live on around 4,000 euros 
($5,235) a year, often supplemented by income 
from another job. Less than half of the house- 
holds have bathrooms. The price of horses is 
high because few people can afford a car. I've sat 
at a dinner table where the family have discussed 


species of plants. Even young children know 45 to 50 percent of species. 


whether they should buy a horse or a tractor. 
The answer: a horse, because no one has yet 
invented a tractor that will give birth to another 
version of itself. On the other hand, you dont 
have to feed a tractor on the day it does no work. 

During the communist years, from 1947 until 
1989, the mowing regime on the high mead- 
ows was maintained. But after the revolution, 
which got rid of the Ceausescus at the very end 
of 1989, the cooperative farms were dismantled, 
and lands returned to previous owners. People 
resumed the sort of small-scale farming they 
had practiced before communism, but from 
the mid-1990s it started to decline. Farmers got 
older. Young farmers thought they could make 
more out of arable farming or in city jobs. Milk 
could be bought cheaply from industrial-scale 
producers elsewhere. There was no sense then 
of the hay meadows being a rich, inherited asset. 

As the old farmer Vilmos Szakacs from Csik- 
borzsova says, in Western Europe “the general 
approach was to leave the old things behind.” 
Working abroad looked more tempting than 
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Transylvania is a plateau region surrounded by mountains. 
Traditional haymaking culture survives there not only because of remoteness 
and distance from markets but also because of the peoples deep attachment 
to rural ways of life that have their origins in the Middle Ages. 
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Cousins Anuta and Magdalena Mesaros, 17, 
are on their way to a wedding in Sat Sugatag, 
Maramures. Mothers and grandmothers like Maria 
Pop (above), from Cornesti, spinning raw wool 
at home, devote hundreds of hours a year to 
making traditional embroidered clothes 
for their families. 
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Cooking up plum jam in the autumn is usually a man’s job. It takes eight to ten 
hours of uninterrupted stirring to make sure the jam on the bottom of the pot doesn’t burn. 
This grandfather from Sarbi wears the traditional small Maramures hat. Anyone who 
sports one of these little hats in Bucharest will likely be laughed at. 
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Anuta Visovan, 70, tends the fire at a still owned by her neighbor, in Breb, for 
making palinca, the plum, apple, or pear brandy whose name means simply “distilled spirit.” A fiercely 
delicious dram of it is given to every visitor. “When the first thing you do is have some palinca,” 
Lorint Opris, mill owner at Sarbi, says, “you know it’s going to be a good day.” 
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“The children come and look at the view and eat and drink 


staying home with the cattle and the hay. Two 
months’ work in Norway or Sweden on construc- 
tion now earns a man enough to buy a house 
and some land in Transylvania. As in other 
Transylvanian communities, animal numbers 
in Csikborzsova—a charming village in the 
east—crashed, from 3,000 cattle and 5,000 sheep 
in 1990 to 1,100 cattle and 3,500 sheep in 2012. 
Alternative employment meant fewer animals, 
fewer animals meant less hay needed, and less 
hay needed meant unmown meadows. 

The forest started to creep back into them. As 
the shade of the trees closed over, the meadow 
flowers began to disappear. “We've seen the 
spruce trees coming up over the ridge to the 
south,’ Rozalia Ivacsony told me of her neigh- 
bors meadows west of Csikborzsova. “The old 
man died, and the young one didnt want it.” 
Of her own grown-up family, she says, “The 
children come and look at the view and eat and 
drink and go away. We've taught all of them 
not to become farmers. This land”—she waved 
her arm slowly around her own wonderfully 
beautiful mown hillsides—“is useless now. No 
foreigners want it, and it will be abandoned.” 

Foreign money, earned by young men and 
women working abroad, began to flood into 
these villages. Houses that “in communist times 
cost six haystacks, as the farmer Gheorghe 
Paul from Breb, in Maramures, told me, “now 
wouldn't cost less than 500 haystacks.” Old 
wooden dwellings have been demolished or re- 
newed. In their place have emerged large houses 
with microwaves on melamine counters and eye- 
level grills looking out on farmyards where the 
old world persists: chickens and turkeys pecking 
under the plum trees; the cow waiting patiently 
in her low, lightless byre; the pigs snuffling in 
the sty; and the grandparents bringing in the 
hay from the meadows. 
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The problems were exacerbated by Romania 
joining the European Union in 2007. The clumsy 
definitions for European grant allocations pre- 
vented many small Transylvanian farms from 
getting European money. More than 70 percent 
of the intensely subdivided individual farms 
were too small for the Romanian bureaucrats in 
Bucharest even to consider them as farms. The 
EU says that nothing under three-quarters of an 
acre is an eligible plot, but most Transylvanian 
fields are smaller than that. Cow numbers have 
increased on some larger farms, but hygiene 
regulations designed for high-tech German 
and Scandinavian dairies cut into the viability 
of the old ways. Cottage cheese, for example, 
was always made in birch tubs. (“You must do 
everything gently, Attila Sarig told me as he 
kneaded the curds, “like with a girl.) The EU 
insisted that it be made on a stainless steel table. 
The traditional Transylvanian date on which to 
start mowing the low meadows in certain parts 
of Transylvania is St. John’s Day, June 24, but 
the Romanian government set the date at July 1. 
Additional European subsidies are available only 
if the meadow is mown on or after July 1, to al- 
low flowers to seed and young birds to mature. 


AS THEY SAW THEIR WORLD DRAINING away, 
people wanted to save it. “I want to hold on to 
the country my father and grandfather have 
made, Jozef Szocs says. And so, here and there, 
in small ways, they began to take control of their 
own lives. Local conservation organizations got 
to work. Milk had previously been bought from 
the villages by large dairy companies that ran 
the milk collection points and controlled the 
price. Starting in 2006, one or two communities, 
including Csikborzsova, set up their own milk 
collection points, buying the storage and cool- 
ing equipment and establishing hygiene systems 


and go away. Weve taught all of them not to become farmers.” 
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In her parents’ house in Budesti, Ileana Borodi, 24, minds her baby son, Ioan, nine months, 
while her daughter, Marioara, three, occupies herself. Elderly family members often stay in older wooden 
houses, where walls are hand-painted with flowery designs. Younger people usually live nearby 
in modern homes built of brick and concrete, easier to heat and keep clean. 
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Clean, fresh river water surges into a traditional wooden washing machine in Sarbi, Maramures, 
where after about ten minutes of pummeling, rugs are thought to be cleaner than by any other method. 
For about three dollars, you can rent time at the privately owned washing machine, never more 
popular than when getting household rugs ready for Christmas or Easter. 
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Corn has to be shelled before it is fed to the cattle. Ion Petric and his wife, 
Maria Vraja, who live in Breb, help out their neighbors’ daughter, seven-year-old Adriana 
Tantas. Transylvanian family life and village life both remain intimately 
bound up with the needs and services of the farm animals. 
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Maria Covaci (above) kneels at her husband's 
coffin in the courtyard of their house in Stramtura. 
Trina Veciunca (far right) is comforted at the burial of 
her husband, Stefan, who died in June 2012. No 
funeral in Transylvania is complete without a warning 
from the priest of the dire fate that awaits 
those who have not led a good life. 
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The demand for hay is increasing, and meadows that would 


that conformed to EU standards. Every farmer 
who brought his milk in pails and buckets to the 
collection point was paid—but only if his milk 
was clean and of good quality. 

Results were immediate. The milk from those 
Csikborzsova farmers who had joined the new 
system was collected and sold separately from 
other milk. The price of the clean milk rose at 
first by 50 percent and by 2012 was three times 
as high as for milk from other villages. At the 
milk collection point in Csikdelne, I met Jeno 
Kajtar one evening. Still in his blue farm over- 
alls, he had brought in the 50 liters (13 gallons) 
from the five cows he had milked. Things were 
going well. Previously he had four cows, now he 
had six, and in three years the price of milk had 
gone up fourfold, doubling when the new milk 
collection point had been installed, and again 
when the village cooperative had set up a direct 
sale point in Miercurea-Ciuc, the nearby town. 
Fresh, unpasteurized milk was now available at 
an automated milk machine, filled twice a day 
via a refrigerated delivery truck from the village. 
I asked Kajtar why he thought the city folk were 
buying his milk. “Because it is real whole milk,’ 
he said, smiling under his mustache, “a piece 
of the past which their city life has left behind.” 

I never thought the sight of a milk-dispensing 
machine would move me. But here was a sym- 
bol of people trying to keep something valuable 
in a world whose forces were doing their best 
to erode and destroy it. The milk machine in 
Miercurea-Ciuc might, amazingly, guarantee the 
continued life of those flowery meadows high in 
the mountains above us. 

The economics remain fragile. The Swiss milk 
dispenser costs about $13,000, and it earns about 
$40,000 a year, but this kind of direct sale means 
that if one farmer puts bad milk into the sys- 
tem, those buying it fall ill, trust disappears, sales 


On our digital editions watch a video of daily 
life among the Transylvanian haystacks. 


collapse, and the whole village suffers. The week 
I was in Csikdelne, 4 out of 22 farmers had been 
banned for one week because they had submit- 
ted substandard milk. One or two had been 
banned permanently for chronic failure to meet 
the required standards. 

Yet in a generally diminishing market, with 
the higher prices, cow numbers in the milk col- 
lection villages are going up. With increasing 
cow numbers, the demand for hay is increasing 
too, and meadows that would otherwise have 
returned to forest are being mown again. 

And the people feel some deep pride in not 
abandoning the beauty they've inherited. “It is 
our land,’ Anuta Borca, a young mother from 
Breb, insisted to me about her family meadows. 
“We have to take care of it. We have to teach the 
children the traditions. And teach them some- 
thing that allows them to survive if they have 
no job.” She paused from the embroidery she 
was making on a linen shirt for her son. “It's 
important because tradition is a treasure. If they 
learn it, they will be richer.’ 

I found another lady in Breb one day, Ileana 
Pop, embroidering a linen shirt for her son-in- 
law. Where, I asked, did the patterns come from? 
“Oh,” she said casually, “they come from the be- 
ginning of the world. But we mix old patterns 
with our own ideas. We never leave the style. We 
just play with the style” 

If only the economics could be sorted out, if 
only European agricultural subsidies were more 
attuned to local variation, if only the Romanian 
government were more alert to the astonishing 
landscape riches of Transylvania, then it might 
be possible to save this hay world. Transylvania 
is not yet a fossil. It is still alive—just—if in need 
of life support. But it represents one of the great 
questions for the future: Can the modern world 
sustain beauty it hasn't created itself? O 


otherwise have returned to forest are being mown again. 





On the evening hillside outside Breb, alfalfa stacks stand sentinel. The roots 
of Transylvania go back at least a thousand years. The farming way of life will 
continue only if it is treasured and nurtured by the villagers and seen 
by Romania and the European Union as worth sustaining. 
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Once heavily hunted for its valuable skin 
but now protected, Brazil’s yacare caiman 
is striding back in gratifying numbers. 
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After the caimans emerged at dusk, the photographer 
was reminded of an earlier encounter. At 15 he went 
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image of their eyes glowing like stars in a dark sky is 
something | will never forget.” 
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at all, theyd look like nothing more than tiny, 
windblown seeds floating amid the rushes at 
the edge of a lagoon in Brazils remote interior. 
Wait until dark, when the vast conspiratorial 
hush of the wetlands gives way to a chorus of 
chirpings and rustlings, and those little specks 
begin to slip away, vanishing in the murk. 
These tiny dots are the watchful eyes of baby 
yacare caimans, members of the crocodilian fam- 
ily, barely two weeks old and scarcely longer than 
a pencil. By day they hide among aquatic grass- 
es, concealed from herons or storks who might 
swoop in for a quick snack. By night they slip 
away to feast on insects and snails, graduating to 
bigger fare as they grow bigger themselves. Given 
time and opportunity, they can reach eight feet 
and be powerful enough to capture a capybara, 
one of the areas giant rodents. But that’s all in the 
future. For now they are near the bottom of the 
pecking order, just trying to keep out of sight. 
Hundreds, possibly thousands, of these hatch- 
ling caimans lurk in this one lagoon. And there 
are many more such lagoons in the Pantanal. 
This enormous flowering wetland along the 
Paraguay River in southwestern Brazil is not 
only home to what is probably Earth’s largest 
crocodilian population but also the setting for 
one of conservations great comeback stories. 
Thirty years ago the yacare caiman appeared 
to be heading for oblivion, ruthlessly hunted to 
supply a lucrative market for crocodilian leather. 
Their numbers dropped alarmingly. 
“Nobody can say for sure how many yacares 
were slaughtered, but it would have run well into 
the millions,” says Cleber Alho, a conservation 





biologist with Brazil's University Anhanguera- SOUTH 
Uniderp in Mato Grosso do Sul, who did much AMERICA 
of his fieldwork in the Pantanal during the height BRAZIL 


of the poaching era in the 1980s. 
Armed gangs would invade during the dry 
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them on the spot and left the rest to the vul- 
tures, Alho says. “I used to come upon piles 
of dead yacares rotting on the embankments. 
Fieldwork in those days wasn't just depressing, 
it was dangerous as well, since the coureiros— 
the leather men—could be extremely aggres- 
sive. A Brazilian government crackdown on 
poaching and a 1992 global ban on the trade of 


wild crocodilian skins eased the pressure on the 
beleaguered yacare population. The crocs them- 
selves did the rest. After a string of intense rainy 
seasons—ideal for breeding—caiman num- 
bers rebounded dramatically. As many as ten 
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million yacare caimans are estimated to live in 
the wetlands today. 

Even so, the yacare caiman is not yet out of 
the mire, warns Alho. “The thriving population 
in the Pantanal threatens to mask the problems 
the species is facing elsewhere in South America, 
where poaching continues and populations are 
vanishing.” Within the Pantanal itself, threats 
still loom: deforestation, dams, tourism, mining, 
seaport development. But for now at least, in 
the steamy aftermath of another bountiful wet 
season, the kings of the Pantanal seem secure 
on their throne. —Roff Smith 
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Above: Male caimans dance and pirouette to establish dominance 
in an elaborate ritual that takes place in sweltering heat just before 
summers heavy tropical rains. After the dance they head to the 
(hopefully) impressed females. Right: Perfectly camouflaged, 

a caiman lies on the forest floor. 
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Every month this page features our staff picks of National Geographic 
society products and events. For more go to nglive.org. 





NATIONAL GEOGRAPHIC ON TV 


Monster Fish 


It’s a behemoth, that’s for 
sure, but little else is known 
about the green sturgeon. 
Aquatic ecologist Zeb 
Hogan (left, in the Klamath 
River with a specimen) 
wants to learn more. Join 
him this month on Nat Geo 
WILD as he heads to the 
Pacific Northwest to study 
the elusive fish, which has 
been around since the days 
of the dinosaurs, can live to 
the age of 70, and can grow 
as long as seven feet. 











A NEW AGE OF EXPLORATION This exhibit showcases National Geographic's storytellers and 
explorers through photos, video, and interactive displays. See photographers on assignment, 

















EXHIBIT 
scientists in the field, and explorers around the globe, from Mount Everest to the Mariana 
Trench. Open now at the National Geographic Museum. For tickets go to ngmuseum.org. 
WILD ANIMAL ADVENTURE Explore the African savanna and other habitats 
kpp with Geo the robot. As you collect cards sporting pictures, trivia, and jokes, 
Geo will pick up skills, like the speed of a cheetah or the digging prowess of 
an armadillo. Free for iPad and iPhone; find it in the App Store. 
PHOTO TRIPS Travel with a National Geographic 
TRIP photographer and boost your photo skills. For 


info on workshops and trips (including one to 
Morocco, right), visit ngexpeditions.com/photo. 











STATE RECREATION ATLASES These atlases 
MAP detail parks, campgrounds, trails, and more. 
Peruse the selection at natgeomaps.com. 





GEE Ssscke §~=NG Pocket Guide to the Birds of North America 
| ee S Laura Erickson and Jonathan Alderfer 
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Book of the Month 


Discover the joys of bird-watching with this concise volume 
re written by two National Geographic experts. Full of essential 
cm : information on 160 North American birds, it features colorful 

eS illustrations as well as tips for tracking and observing birds 

in the wild. Available now ($12.95). 
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Legal Notice 


Adults 18 years and Older 


Could Be Affected by a Class Action Settlement 
Involving Consumer Reporting 


A Settlement has been reached in a class action lawsuit involving certain reports 
sold by LexisNexis. If you are 18 years or older, you are probably included in the 
Settlement because there is likely information about you in the LexisNexis databases. 


What’s this Case About? 
The lawsuit claims that LexisNexis prepared and sold Accurint® searches and reports 
that were “consumer reports” under the Fair Credit Reporting Act (“FCRA”), The 
lawsuit claims that LexisNexis failed to follow certain FCRA requirements that 
apply only to “consumer reports.” LexisNexis disagrees that Accurint® reports are 
“consumer reports.” Both sides have agreed to the Settlement to resolve the case and 
provide benefits to consumers. 


Who’s Included? 
If the databases used to prepare Accurint® brand products at any time between 
November 14, 2006 and Aprill9, 2013 contained information about you, you are in 
the Class. The databases contain names and addresses of all U.S. residents who have 
a credit history, as well as information from many public records such as telephone 
directories, voter registration records, motor vehicle registrations, and mortgage 
records. 


What does the Settlement provide? 
LexisNexis has agreed to design, implement, and maintain specific, substantial 
procedures that address the concerns raised in the lawsuit regarding the preparation 
and sale of Accurint® searches and reports to debt collectors. No money will be paid 
to Class Members. 


Your Options 

If the Court approves the proposed Settlement, then you will be bound by the 
Court’s decisions — you cannot exclude yourself from the class. You will not 
be able to sue, or continue to sue, LexisNexis for the limited remedies being 
resolved by this Settlement. However, you will be able to file a lawsuit on your 
own to pursue any claims for actual money damages. If you do not like the 
proposed Settlement, you must object by August 30, 2013, as discussed further at 
CollectionReportLawsuit.com. 


The Court will hold a hearing on October 3, 2013 to consider any objections, whether 
to approve the Settlement, and to award attorneys’ fees and expenses up to $5.5 
million. You can appear at the hearing, but you don’t have to. You can hire your own 
attorney, at your own expense, to appear or speak for you at the hearing. You must let 
the Court know by August 30, 2013, if you intend to do so. 


For more information: 1-888-538-5784 CollectionReportLawsuit.com 





THE MOMENT David Guttenfelder 


See an interview with 
Guttenfelder on our 


digital editions. 


* 
Caged Birds After 18 years covering conflict in Rwanda, Afghanistan, and Iraq, 
photojournalist David Guttenfelder was unsure if he had the skills for a delicate new assignment: 
documenting the trapping and eating of songbirds. But he soon found himself on familiar ground, 
enmeshed in a story with carnage and tension. He had an awakening as well. In Ayia Napa, Cyprus, 
he met a man who'd illegally caged a dozen wild birds. Guttenfelder thought: “This isn’t how birds 
are supposed to be.” In this case the authorities came in and freed the birds (below). —Daniel Stone 





BEHIND THE LENS 


Taking pictures of birds isn’t 
your usual line of work. 


DG: After so much time covering war, 

| remember some of my friends in Syria 
and Libya said to me, “You're out there 
covering birds?’ I’ve spent a long time 
photographing people doing horrible things 
to each other, but seeing hundreds of birds 
suffering was a very challenging project. 

It made me realize there are other types 
of conflicts that need to be covered. 


How did people 
justify killing them? 


In Cyprus, when | 
listened to activists 
argue with local 
people, the Cypriots 
would say that the 
birds are delicious. 
One man told me, 
“Imagine the best 
thing your mother 
made for you asa 
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kid, then multiply 

it by a thousand. 
That's how delicious 
they are.” 


Did you eat any of 
the birds? 


| did. As | learned 
from war photogra- 
phy, you sometimes 
need to hang 
around with people 








who do things you 
don't agree with to 
photograph things 
you want to show. 
After spending an 
entire day witha 
family in Egypt that 
hunted songbirds, 
they invited me to 
eat with them. | 
probably ate three 
or four birds. It 
wasn't for me. 
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Perfect Choice HD™ 1s simple to use, 





hard to see and easy to afford... 


it’s like reading glasses for your ears™! 


New Personal Sound Amplification Product 
is an affordable way to “turn up the eGIGITIEY 


Over the years, technology has made the way we live 


easier, safer and more convenient. In many cases, 
it’s even made many products more affordable... 
(remember how much the first VCR used to cost?). 
Now, if you need some help in turning up the 
volume on the world around you, a new solution 
has been invented... it’s called Perfect Choice HD™. 


Perfect Choice HD is NOT a hearing aid. Hearing 
aids can only be sold by an audiologist or a licensed 
hearing instrument specialist following 
hearing tests and fitting appointments. 
Once they have you tested and fitted, you 
could pay as much as $5000 for the product. 


Sound Quality 


Reading glasses for your ears. While some 
people need hearing aids, many Just need 
the extra boost in volume that a PSAP gives 
them. Now, thanks to the efforts of the 


Free Batteries for Life 








Affordable, Simple to use, Virtually impossible to see 


Why Perfect Choice HD is the best choice ! 


Lightweight / 
Inconspicuous 


Less than 1 ounce 


Excellent — up to 50 dB 


Test and Fitting Required 


Yes 
ask for details 





doctor who leads a renowned hearing 
institute, there is Perfect Choice HD. It’s a 
PSAP designed to accurately amplify sounds 
and deliver them to your ear. Because we've 
developed an efhcient production process, 
we can make a great product at an affordable 
price. The unit has been designed to have an easily 
accessible battery, but it is small and lightweight 
enough to hide behind your ear... only you'll know 
you have it on. It’s comfortable and won't make 
you feel like you have something stuck in your 

ear. It provides high quality audio so sounds and 


conversations will be easier to hear and understand. 


Are you or a loved one 
frustrated in these situations? 
* Restaurants ¢ Dinner parties 
¢ Outdoor conversations 
e Lectures « Sermons * Meetings 
...and other times where you need 
to turn up the volume 





| One-on-One 
Personal Set Up 


Friendly Return Policy 


We want you to be happy with Perfect Choice HD, 
so we are offering to let you try it for yourself with 
our exclusive home trial. . If you are not totally 
satisfied with this product, simply return it within 
60 days for a refund of the full product purchase 
price. Don’t wait... and miss out on another 


call now! 
Perfect 
Choice HD” 


Call now and find out how you 
can get FREE Batteries for Life! 
Please mention promotional code 46771. 


1-877-759-5937 
1998 Ruffin Mill Road * Colonial Heights, VA 23834 


Perfect Choice HD is not a hearing aid. If you believe 
you need a hearing aid, please consult a physician. 


conversation... 
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FLASHBACK 


Inner Space 
An earthbound astronaut 
checks his controls in the 
cockpit of the Manned 
Aerospace Flight Simu- 
lator in Dallas, Texas, in 
the 1960s. 

The indoor orbiter was 
suspended on a hydrauli- 
cally powered gimbal to 
allow for a range of motion 
similar to that of a real 
spacecraft: “from full 
nose-up to full nose- 
down,” noted one paper 
on the vehicle. Surround- 
ing the simulator was 
a spherical screen onto 
which images of the Earth 
or moon were projected. 
To further enhance the 
realism of the test pilot's 
experience, speakers 
boomed the recorded 
roar of rocket engines, 
while vibrations buzzed 
up through the vehicle's 
base and into the cockpit 
seat. —Margaret G. Zackowitz 


® Flashback Archive Find all 
the photos at ngm.com. 
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Tell us how much you want to pay and we'll give = a range of coverage options to choose from. 
Visit Progressive.com/DM2 to watch unseen footage from Despicable Me 2. 


Progressive Casualty Ins. Co. & affiliates. Price and coverage match limited by state law. 13D00217 (04/13) 
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Precisely in tune 


with every touch. 


TOUCH,O° TECHNOLOGY. THE FIRST OF ITS KIND. 
Experience the precise control of Delta Touch,O Technology. Simply tap anywhere 


on the spout or handle of the faucet to start and stop the flow of water. To see the range 
of Touch,O faucets for your kitchen and bathroom, visit deltafaucet.com/touch 


see what Delta can do 
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